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ABSTRACT 
Mutagenic and carcinogenic effects resulting from DNA damage are Ihe !cng term 
sequels of genotoxicity. The genotoxic agent can be defined functionally as having the 
ability to alter DNA replication and genetic transmission. Neurotoxicity is an exciting 
and interesting aiey, of research from decades. Neurotoxins alter the normal acriyity of 
the nervous system in such a way as to cause damage to nervous tissue. This can 
eventually disrupt or even kill neurons, the key -^ ells that transmit and process signals 
in the brain and other parts of the nervous s} "Jtem. The necessity of monitoring 
genotoxic and neurotoxic': agir - in --^ iit'^ '-trr ar/j malian models have been forced by 
ever increasing use of '''-..Jirial dLi.i- u:_,.Jvuifi."al chemicals, health hazardous 
compound and carcinogens, one sucn ^"oup of ^(mpound that .^nalify for much 
attention is a phenoxy acid derivative v , •.,4-Dichlorophenoxyacetic acid. 2,4-!]) i? a 
common herbicide, employed as post e..:iergenc • foliar spray for weed control in 
wheat, rice, maize etc. It is also used i.:- .^,. c 'sbinJ and turf areas for the control of 
weed. Chloroacetic acid (CAA) is another . > : pound of this study, it is a herbicide and 
also used as an intermediate in various f,. i u atic .<i. /ch LIS carboxy methyl cellulose 
and starch, phenoxyacetic acid, thiogly ••.lie ..,-U, cyanoacetic acid/malonates/ 
barbituric acid, caffeine, vitamin B, glycine, dyes and herbicides etc. These 
compounds though are noted for these strong genotoxic and neurotoxic effects in 
various organisms, but still not much is reported in rat (mammalian system). 
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A large number of natural substances are capable of producing inactivation of 
environmental mutagens. The characterization of these substances are important for 
the possibility of using them as chemotherapeutic/ prophylactic agents against 
genotoxic and neurotoxic effects due to these mutagens and also benefiting human 
health hazards attributed to mutations. So, the identification of substances with 
antimutagenic properties is very important. 
In the present study, genotoxic effects of CAA and 2,4-D were tested in genetic 
elements such as chromosomes, germ cells and neurotoxic parameters viz., free radical 
generation, antioxidant defense system, oxidative stress and on behavior in Rattus 
norvegicus. The rat was chosen for its genetic and neuronal endowment, less number 
of chromosomes, wide distribution and resistance to environmental conditions and 
brain being similar to humans. Camellia sinensis (green tea) is originated in China and 
has become associated with cultures in Asia from Japan to Middle East. Apart from 
having many medicinal properties, water soluble part of aqueous extract of C. sinensis 
leaves possess significant hypoglycemic, hypolipidemic, hepatoprotective, antifertility. 
hypotensive and antiserotonin activity. The antimutagenic potential of C. sinensis 
leaves extract was evaluated by cytogenetic (somatic and germ cells), 
neurobiochemical and neurobehavioral tests. 
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Chromosomal aberration test 
For chromosomal aberration study cytogenetic preparation from the cells of bone 
marrow was made in exposed specimens against the appropriate controls. In making 
the chromosomal preparation the air/flame dry-Giemsa staining method was followed 
(Preston et al., 1987). A time and dose-dependent increase in total aberrations were 
evident in both chemicals. The various types of aberrations recorded were breaks, 
gaps, exchanges, multiple aberration, stickiness, and pulverization. The increase in all 
chromosomal aberrations frequencies were found to be statistically significant when 
compared to relevant controls (Student's Mest, P<0.05). The highest frequency of 
chromosomal aberration recorded by 2,4-D was 12.76±0.9 as against 6.22±0.7 mean 
(%) of total aberrations of CAA at highest concentration and duration. 
Micronucleus test 
As supporting evidence of induced chromosomal aberrations, preparation and 
observation on micronucleus test were performed in the bone marrow polychromatic 
erythrocytes of R. norvegicus. The Giemsa staining technique (Schmid, 1975) was 
followed. Both CAA and 2,4-D induced micronuclei in statistically significant manner. 
The highest frequency of micronuclei at respective highest concentration and duration 
were 8.24±0.9 and 5.68±0.6 mean/1000 PCEs for the tested compounds. 
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Sperm abnormality 
Induction of sperm abnormalities was observed in epididymis to examine the toxicity 
of these chemicals on reproductive system. Both CAA and 2,4-D have induced sperm 
abnormalities (SPA) in a significant manner. The highest frequency of SPA with 
respective highest dose and duration were 5.08±0.6 and 6.13±0.1 mean (%) of total 
SPA for the tested compounds. The incidence of SPA showed a positive dose response 
over the entire dose range tested. It was also observed in this study that the used 
chemicals showed an effective indication of cytotoxicity in somatic and germinal cells. 
Neurobiochemical 
Oxidative stress and antioxidant defense system were evaluated by LPO, SOD, CAT, 
TSH and GSH parameters. These chemicals showed a damaging effect on the brain 
parts (cerebrum, cerebellum and brain stem) of rat. The highest value of LPO was 
observed as 8.78±1.0 n mol/mg protein for CAA and 9.96±0.8 n mol/mg protein for 
2,4-D in cerebrum. CAT was decreased in cerebrum 3.15±0.3 and 2.28±0.2 unit/mg 
protein, SOD showed similar trend 3.93±0.4 and 3.56±0.4 unit/mg protein. TSH and 
GSH also showed the effectiveness with high impact on cerebrum 2.75±0.6, 2.12±0.2 
|i mol/g tissue and 2.27±0.3, 1.83±0.3 ^ mol/g tissue for CAA and 2,4-D, respectively. 
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^eurobehavioral 
The motive of the behavioral tests was to identify and confirm the biochemical tests on 
brain parts depicting biochemical changes which affect the behavior of rats. To 
evaluate the behavior we used elevated plus maze (EPM), open field test (OFT) and 
rotarod test (RRT). Anxiety was shown through reduction in frequency of open arm 
entries 20.3±1.8; 19.2±1.46 mean (%) entries and time spent in open arm 13.4±2.4; 
10.9±2.7 mean (%) seconds in CAA and 2,4-D. OFT also showed the decline in 
ambulation 28.7±0.7; 25.8±0.9 mean frequency, preening 4.33±0.3; 3.99±0.4 mean 
frequency, and rearing 9.85±0.3; 8.65±0.5 mean frequency. Similar trend was 
observed in RRT when treated animals lost the standing capacity on the revolving rod 
71.3±1.85; 72.3±2.02 mean (time in seconds) in CAA and 2,4-D groups as compared 
to their respective controls in significant manner {P <0.05). 
Antimutagenic effect of Camellia sinensis 
Camellia sinensis (Green tea) has been reported to exert several therapeutic effects and 
supposed to be having protective effect against some mutagens. Therefore, the 
evaluation of the antimutagenicity and antineurotoxicity of this substance towards the 
candidate compounds was explored by cytogenetic and neurobiochemical and 
neurobehavioral tests. Simultaneous treatments of two concentrations of CAA and 2.4-
D each with C. sinensis were applied. C. sinensis at concentration of 50mg/kg/day 
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reduced the chromosomal aberrations, micronuclei and sperm abnormahties frequency 
in significant manner (P <0.05) in both the chemicals when treated simultaneously. 
The highest reduction in CA of 70% in CAA and 68% in 2.4-D was recorded. MN 
frequency was reduced up to 78% in CA.r. while in 2,4-D the reduction was 65%, in 
SPA the extent of the suppression was 80% while it was 79% for CAA and 2,4-D, 
respectively. 
C. sinensis also repressed the neurotoxicity to reduce the LPO rate upto 63% in 
CAA and upto 65% in 2,4-D. Reduced percentages in SOD were 86% and 53% and in 
CAT were 51% and 92%. For TSH and GSH, the reduction rates were 58%, 53% in 
CAA and 83%, 76% in 2,4- D, respectively. On neurobehavioral parameters C. sinensis 
significantly increased the open arm entries and spent time in EPM that is, it made the 
increase in ambulation, preening and rearing on OFT. C. sinensis also increased the 
staying capacity on rotating rod by the improvement of motor coordination on RRT. 
However, the reduction in chromosomal aberrations and micronucleus, LPO, SOD, 
CAT, TSH, GSH, EPM, OFT and RRT frequency was not concentration and duration-
dependent. 
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INTRODUCTION AND REVIEW OF LITERATURE 
Genetic toxicity or genotoxicology is a subspeciality of toxicology, which 
identifies and analyzes the action of agents with toxicity directed towards the 
hereditary components of living systems. The primary objective of genetic 
toxicology, however, is to detect and analyze the hazard potential of those agents that 
are highly specific for interactions with nucleic acids and produce alterations in 
genetic elements at subtoxic doses or concentrations. Agents that produce alterations 
in the nucleic acids and associated components at subtoxic exposure levels, resulting 
in modified hereditary characteristics or DNA inactivation, are classified as 
genotoxic. Genotoxic substances usually have common chemical or physical 
properties that facilitate interaction with nucleic acids. In fact, the universality of the 
target molecule is the key to the discipline of genetic toxicology. The term is a 
general descriptor meant to distinguish chemicals that have an affinity for direct DNA 
interactions form those that do not (Sharma, 1984). 
Thousands of new chemicals, directly or indirectly produced by modernization 
and improved technology, are introduced into the environment every year without 
being tested. Synthesis of organic substances started about two centuries ago and 
since then, these are continuously being added to the environment. The advent of dye 
industries, petrochemical industries, use of fertilizers and pesticide in agriculture have 
added to a high pollution load. These chemicals are released in the soil, air and water, 
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in the rivers and sea as sink. The continuous improvement and extended versatility of 
research tools is coupled with growing imperative that the toxicity of chemicals is 
assessed before they are introduced into the environment. This is the primary basis for 
the development of a field which holds great promise for the rapid inexpensive 
evolution of the potential toxicity of new chemicals to diverse components of 
biosphere. 
The immediate effects can be observed in the flora and fauna and on human 
health. Long-term effects lead to alterations in genetic components of somatic cells 
with possibilities of subsequent malignant transformation and perhaps into germ-line 
resulting sterility and congenital malformation (Sharma, 1984). 
The urgency lead to the development of field of toxicology which deals with 
effects of these agents on living systems, with the purpose of defining human health 
effects. Being an applied science, it draws on data and methodology from a multitude 
of basic sciences, such as physiology, pharmacology, genetics, embryology, 
chemistry and statistics. Over two decades, toxicology has provided the primary 
source of data on human health for chemical safety evaluations on existing and new 
products. Without this information, many potentially hazardous chemicals would 
have been idenfified only through human experiences and dangerous propositions. 
Accidental exposure to chemicals, such as methyl isocynate and exposure to chemical 
warfare agents provide significant data to toxicologists. 
Faisal Siddiqui M ^ ^ ^ ^ 
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Reliable estimates of human risks also involve an understanding of the cellular 
and molecular mechanisms that underline toxic phenomena expressed in the whole 
organisms, and on adequate methods of quantitating both, the true absorbed dose of 
chemical (the amount reaching the target sides) and the magnitude of the toxic 
response. The study of animal toxicology may be divided into many sub-specialties, 
each representing a separate field of study. Some of these are metabolism, 
pharmacokinetics, genetic toxicology, reproduction, teratology, immunotoxicity and 
behavioral toxicology (Brusick, 1987). 
Mutation can arise spontaneously, but they can also be induced by physical 
and chemical factors. The massive increase in number and amount of chemicals in the 
environment has led to an enormous rise in the mutation pressure. Thus, mutagenic 
pressure indicates the contribution of newly mutated gametes in the haploid genome 
during one generation. Mutagenic pressure may not be underestimated, since 
chemicals that appeared capable of inducing mutation in genomes of other species, 
certainly impose a genetic risk for man. In short, mutagenesis and genetic toxicology 
have grown from the increasing awareness that human beings and animals are 
continuously exposed to mutagenic agents capable of inducing changing inheritable 
properties. 
In view of this, mutagenicity testing has assumed prominence in toxicology 
during the last two decades. Genetic assays are used to identify germ cell mutagens. 
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somatic cells and potential carcinogens and they encompass diverse kinds of genetic 
alterations that are relevant for human health. Assay for gene mutations, chromosome 
aberrations and other indicators of DNA damage have been used to study the genetic 
effects of hundreds of chemicals. 
Historical Background of Genotoxicology 
De Vries (1901) was first to propose the concept of mutation in mutation theory, 
thereby laying the foundation of genetic toxicology. The modern era of mutation 
research was marked by the work of H.J. Muller (1927) when X-ray caused sex-
linked recessive lethal mutations in the fruit fly Drosophila melanogester was 
detected. The first univocal evidence of chemical mutagenesis was provided by 
Auerbach and Robson (1942), when mustard gas was found mutagenic in Drosophila. 
Thereafter, Friedrich and Rappoport independently reported other chemical mutagens. 
By the end of 1940s chemical mutagenesis was a well established and growing 
area of interest in genetics. The idea that mutagenicity should be considered in 
toxicological evaluation of chemicals became widespread during this period. A 
driving force behind the newly evolving field of genetic toxicology in 1960s was 
Alexander Hollaender, who led the foundation of the Environmental Mutagen Society 
(EMS) in 1969 in USA. Similar societies later evolved in the countries of Europe, 
Japan, India, Australia and New Zealand and the International Association of 
Environmental Mutagen Society (lAEMS) were formed. In an attempt to collate the 
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rapidly stockpiling information in USA the Environmental Mutagen Information 
Centre (EMIC) was organized in 1969 in Oak Ridge, Tennessee, followed by others. 
In USA, agencies such as the National Institute of Health (NIH), National 
Toxicological program (NTP), environmental protection agency (EPA), food and 
drug administration (FDA), and department of energy supported basic research on 
mutagenesis. The Gene-Tox Program under EPA made a two phased effort to 
systematically evaluate the current utility of selected mutagenicity and related 
genotoxic endpoints by experts in the discipline. Training programs have been 
instituted annually for workers in this field in a number of institutions in 
industrialized countries (Hoffman, 1996). 
A report of the international commission for protection against environmental 
mutagens and carcinogens (ICPEMC) provided a more detailed definition for the term 
genotoxic and emphasized that the categorization of a chemical as genotoxic is not 
prior indication of a health hazard. The term distinguishes chemicals that have an 
affinity for direct DNA interactions from those who do not (ICPEMC, 1983). 
Mutagenesis amounts of the biological effects considered in regulating chemicals to 
ensure public safety, and private industry has developed mutagenicity program in an 
effort to develop safe chemical products. 
Conclusively, genetic toxicology is likely to undergo several significant, 
evolutionary steps in the near future. Applications of new methods developed in the 
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biotechnology revolution will add new dimensions to genetic testing, and the number 
of tests will be reduced and refined as databases grow larger. Computer based data 
handling and reporting system as well as online, computer, monitor equipment are 
greatly improving the turn around time and overall capacity of testing laboratories. 
The principle sources of pollution are air, water and soil acting as sinks from 
fuel combustion, industrial development, agricultural chemicals and human agencies. 
Different legislations have been enacted earlier on most types of man made pollution 
but now concerned efforts are being made to assess and contain the effects of such 
pollution (Sharma, 1984). 
While pollution occurs through agrochemicals (fertilizers, weedicides and 
pesticides) it occurs initially in the soil and aquatic bodies through seepage and 
surface runoff. The more commonly used compounds have expanded exponentially 
from their introduction in the 1990s in agriculture, medicines and public health. 
Initially the harmful effects of uncontrolled and excessive use had not been 
visualized. As a result, chlorinated pesticides have accumulated in food chain in 
certain areas following indiscriminate application. The levels of DDT residues 
identified were 0.86 in fat, 5.16 in wheat, 7.24 in ground nut, 7.75 in pulses, 7.80 in 
rice and 0.40 ppm in fish. Such toxicants have had adverse effects on biota, like 
massive destruction of sensitive organisms. The conservation of animal genetics 
resources become imperative context of overall environment degradation and 
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increased assault on ecosystems (Sharma, 1984). 
CHROMOSOME ABERRATION TEST 
The chromosome aberrations have been studied since long and it was earlier 
associated with malignancy (Boveri, 1902). Recent years have seen interest in 
cytogenetic endpoints of most chemicals and mutagens (Karkaya et al., 1997; 
Choudhary et al., 2000; Thust et al., 2000). Chromosome aberrations (CA) are the 
microscopically visible parts of a wide spectrum of DNA changes generated by 
different repair mechanisms of DNA double strand breaks (DSB) (Obe et al., 2002). 
The consequences of chromosome breakage as well as its causes are manifold. It is 
the most effective agent of the death of the cell, a spontaneous event characteristic of 
many types of tumor. Jointly with gene mutation it is an agent of all genetic and 
evolutionary changes (Natarajan, 2002). 
Chromosome aberrations have long been recognized to be an important 
biomarker of human exposure to ionizing radiations and genotoxic chemicals. In 
between 1930 to 1940 chromosome aberrations (CAs), their mechanism, behavior and 
fate, following irradiation were studied in mitosis and meiosis in some insects like 
Drosophila and grasshopper and plant systems like Allium and Tradescantia. The 
relation between chromosomal changes and origin of tumors were proposed by 
Boveri as early as 1914. However due to the poor cytological techniques available 
during that period, mainly in histological sections, the nature and the sequence of 
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origin of various types of aberrations could not be properly interpreted. The protocols 
gradually developed following the discovery of colchicine showed that it was able to 
arrest cell at metaphase (Sharma, 1984). The use of hypotonic treatment allowed 
human chromosomes to be accurately analyzed (Hsu, 1952). However, studies of 
chemical effects on chromosomes were mainly limited to academic exercises till 
1970's when concern over the deteriorating environmental situation led to an 
increasing interest for effective short term assays to screen mutagens and carcinogens. 
The cytogenetic tests emerged as important components of these systems (Sharma 
and Sharma, 1980). 
In last hundred years many studies were conducted to evaluate the extent of 
genotoxicity by using chromosomal aberration as the markers (Boveri, 1902; Hsu, 
1952; Adler, 1984; Allen et al., 1986; OECD, 1987; Mitelman, 1988; Richold, et al., 
1990; Tice et al., 1994; Ateeq et al., 2002a; de Gruijl FR, 2002; Iton et al., 2002; 
Siddiqui et al., 2006). CAs are induced by agents that damage the chromosomal DNA 
(Tates and Natarajan, 1976; Roberts, 1978; Singer et al., 1983). Experimental 
analyses have shown that DNA double strand breaks (DSB) are principal lesions in 
the process of CA formation (Natarajan and Obe, 1978; Obe et al., 1992; Bryant, 
1998). The agents causing chromosome breaks, damage the genetic apparatus and are 
termed as clastogens, while those leading to alterations in the number, mainly affect 
the spindle and are called mitotic poisons (Sharma, 1984). 
The pioneering studies of Howard and Pele in early 1960's demonstrated that 
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between two mitosis, the intervening interphase has three phases designated as Gi 
(pre DNA synthetic), S (DNA synthesis) and G2 (post DNA synthetic). Ionization 
radiations induce chromosome type of aberrations in Gi, chromatid type of aberrations 
in G2 and most of S phase (Howard and Pelc, 1951). However chemical mutagens, 
which do not induce directly DNA strand breaks but causes other lesions, were shown 
to induce only chromatid type of aberrations irrespective of the DNA synthetic stage 
treated. An intervening S phase is necessary to visualize aberrations. On the basis of 
chromosome breaking agents (Clastogens) they can be classified as S dependent and 
independent agents (Kihlman, 1977). 
As far as structure-activity relationship is concerned, among the alkylating 
agents, bi-functional agents are more efficient then mono-functional ones in inducing 
chromosomal aberrations, as the former is characterized by their reactivity to 
nucleophilic centers in DNA (Swain and Scott, 1953). There are several other types of 
chemicals, with diverse modes of action, which can effectively induce chromosomal 
aberrations. These include inhibitors of deoxyribonucleotide synthesis, denaturation 
and degradation of DNA, production of labile DNA by chemical reaction, and /or 
incorporation of abnormal precursors and removal of DNA bound metals (Kihlman, 
1966). The alterations of chromosome carrying DNA (genes) morphologically and 
numerically resulting in quantitative alterations or rearrangements of genes have been 
substantially studied in a variety of fields (Sofuni, 1993). Cytogenetic assays use 
microscopy for direct observation of the effect of interest. Traditionally cytogenetic 
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analysis is used to detect chromosomal anomalies, especially chromosome and 
chromatid aberrations. 
A key factor in the design of cytogenetic assay is obtaining appropriate cell 
population for treatment and analysis (Kirkland et al., 1990). Cells with suitable well-
defined karyotype, a short generation time, a low chromosome number and large 
chromosomes are ideal for cytogenetic analysis. The mammalian in vivo CA tests 
have been successfully used for the detection of structural aberrations induced by test 
substance in the bone marrow cells of animals, usually rodents, (Adler, 1984; Preston 
et al., 1987; Richold et al., 1990; Tice et al., 1994). In fact the CA test using cultured 
mammalian cells is one of the most sensitive methods to predict environmental 
mutagens or carcinogens and considered as complementary test to the Salmonella 
microsome assay (Ames test) by some workers (Ishidate Jr et al., 1998). The main 
advantage of in vivo assay is that they include mammalian metabolism, DNA repair 
and pharmacodynamics. Effective testing requires dosage and routes of administration 
that ensures adequate exposure of the target cells, proper intervals between treatment 
fimes and collection of cells, and sufficient number of animals and cells scored 
(Kirkland etal., 1990). 
Chromosomal aberrations have been classified into two major groups: 
structural aberrations and numerical aberrations. Structural aberrations include 
chromatid and chromosome type aberrations. Six major aberrations are defined as: 
chromatid gap, chromatid break, chromatid exchange, chromosome gap, chromosome 
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breaks and chromosome exchange. Minute chromosome fragments or double minute 
fragments (mln or dmln) are another type of peculiar aberrations. Routinely, this 
aberration type is Included in chromosome breaks while scoring. The details about the 
different aberrations are given below: 
Definitions of Aberrations: 
Structural aberrations: 
Chromatid type: Chromosome damage expressed as breakage of single chromatid or 
breakage and reunion between chromatid. 
Chromatid gap: a non-staining region in one chromatid showing a clear 
discontinuity (the size of which is almost equal to or more than the width of the 
chromatid). 
Chromatid break: the complete severance of the distal part of one chromatid with 
distinct dislocation or misalignment. 
Chromatid exchange: rearrangement as a consequence of misreunion between two 
or more chromatids breaks, including interchromosomal exchanges such as triradials 
and quadriradials and intrachromosomal exchanges such as chromatid rings and 
inversions. 
Chromosome type: Chromosome damage expressed as breakage and reunion of both 
chromatids at an identical site. 
Chromosome gap: same as chromatid gap but occurring at the same locus in both 
sister chromatids. 
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Chromosome break: the complete severance of the terminal region of a chromosome 
arm which gives rise to shortened chromosomes and an acentric chromatid fragment, 
and is not associated with any obvious exchange process. 
Chromosome exchange: rearrangement as a consequence of misreunion between 
two or more chromosome break includes dicentrics or rings (these are associated with 
an acentric fragment, and is scored as one aberration but not as two independent 
aberrations). Acentric rings derived from interstitial deletions are included in this 
type. 
Fragmentation: is defined as metaphase with large number of chromatid gap and 
chromatid breaks but without chromatid exchange. Minute or chromosome fragments 
or double minute are small dots, the size of dot is almost equal to or smaller than 
width of a chromatid and those, which are larger, then the chromatid width are scored 
as acentric rings. Routinely this type of aberration is included in chromosome breaks 
when scoring. 
Numerical Aberration'. A change in the number of chromosomes from normal 
number characteristics of the cell utilized. These are classified into two types i.e. 
aneuploidy and polyploidy. 
Aneuploidy: It involves the loss or gain of one or few chromosomes in a diploid set. 
Polyploidy: A multiple of haploid chromosome number (n) other then the diploid 
number i.e. 3n or 4n and so on. 
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Other abnormalities: 
Pulverization: One or several chromosomes in diploid cells or a half set of 
chromosomes in polyploid cells show a mass of minute fragments or small dots. In 
addition they are so called ill-defined abnormalities such as attenuation, stickiness, 
ruffling haziness erosion and c-metaphase. 
Chloroacetic acid was not found to induce chromosomal aberrations or sister 
chromatid exchanges in Chinese hamster lung fibroblast cells in the presence or in the 
absence of S9 acfivation (Swada et al., 1987). In Chinese hamster ovary cells, no 
induction of aberrations was observed after treatment with CAA in the presence or in 
the absence of S9, but a dose-related increase in sister chromatid exchanges was 
observed without S9 (Galloway et al., 1987). There is one unconfirmed report of 
induced meiotic abnormalities in pollen mother cells of Viciafaba plants sprayed with 
an aqueous solution of CAA (0.05%); Amer and Ali (1980) described increases in 
lagging chromosome, chromosome stickiness, and chromosome fragmentation when 
treatment occurred at the seedling or the flowering stages of development. 
The only mutagenicity information available on metabolites of CAA consists 
of one report of a posifive response in the Salmonella assay (TAIOO) with glycolic 
acid, a minor metabolite (Yamaguchi and Nakagawa, 1983). Mutagenicity data from 
the testing of structural analogues, the di-and trichloroacetic acids, agree with the 
negafive results obtained with CAA in the Salmonella gene mutation test (Bignami et 
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al., 1977; Sato et al., 1985). There is one report of cytogenetic induction where the 
abnormalities in bone marrow and sperm cells of Swiss mice exposed by 
intraperitoneal injection to doses of 125, 250 and 500 mg/kg trichloroacetic acid were 
reported (Bhunya and Behera, 1987); these data are supported by a recent report with 
classification of the abnormalities scored in rats by intraperitoneal ingestion of 80, 
100 and 120 mg/lOOg sub-lethal doses of chloroacetic acid, which have shown the 
chromosomal abnormality in dose- and time dependent manner (Siddiqui et al., 2006). 
For other herbicide i.e. 2,4-D, a number of assays were considered for 
measuring different end points. Seller (1978) reported mixed resuhs in some systems. 
A very recent review on this compound observed that genotoxic and mutagenic 
potential in both in vivo and in vitro systems are lacking (Gabarant and Philbert, 
2002), despite the fact that many others noted the cytogenetic effect of 2,4-D. It was 
able to induce CA in meiosis of Vicia faba (Amer and Ali, 1974) and barley, 
Hordeum vulgare (Kumari and Vaidyanath, 1978). In mitotic cells also, 2,4-D 
induced CA in Allium cepa (Tomkins and Grant, 1976; Khalatkar and Bhargava, 
1982; Ateeq et al., 2002a). In somatic cells of Drosophila, both positive and negative 
results (Graf and Wurler, 1996) emphasized the fact that the matter needs to be 
resolved for conclusive results. 
Although 2,4-D induced CA in human peripheral blood lymphocyte culture 
in vitro (Mustonean et al., 1986) and found to be genotoxic in bone marrow of rats 
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(Adhikari and Grover, 1988) and mouse where an increase in the aberration frequency 
is reported (Pilinscaya, 1974) other investigations failed to show substantial increase 
in aberration frequency in bone marrow cells or in micronucleus test in mammalian 
test systems (Jenssen and Renberg, 1976; Charles et al., 1999; Gollupudi et al., 1999). 
In recent studies on genotoxicity of 2,4-D by induction of sister chromatid exchange 
in somatic and germ cells of mice (Madrigai-Bujaidar et al., 2001) and CA in mouse 
bone marrow (Amer and Aly, 2001) the results are positive. 
Considering the worldwide use of these chemicals, and due to conflicting 
results reported, CAA and 2,4-D had encouraged scientific investigations in many 
organisms. The cytogenetic effect of these chemicals by CA has been evaluated at 
various sub-lethal concentrations in this study. 
MICRONUCLEUS TEST 
Bone marrow cells are most commonly used target in in vivo studies. Technical 
renovations and expanded versatility of cytogenetic techniques such as research tools, 
coupled with growing imperative that toxicity of the chemicals should be assessed 
before they are introduced into the environment, is the primary basis for development 
of the field which holds great promise for the rapid and inexpensive evaluation of the 
potential toxicity of mutagenic chemicals to diverse components of biosphere. The 
cytogenetic techniques like chromosome aberration by metaphase analysis is time 
consuming and requires considerable skills, so there is an interest in the prospectus of 
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developing similar cytogenetic assays. An alternative to this classical metaphase 
analysis, the frequency occurrence of micronuclei in treated cells provides a 
comparative rapid and sensitive indication of both chromosomal aberrations and 
chromosomal loss. Micronuclei are cytoplasmic chromatin masses that arise from 
chromosomes lagging at anaphase or from acentric chromosomal fragments. 
The first serious attempt was to use micronuclei as a monitor of cytogenetic 
damage (Evans et al., 1959). He showed that the frequency of MN as an effect of 
ionizing radiations on plant root tip cells was proportional to radiation dose and 
quality. Subsequently, Schroeder et al. (1970) recommended the use of bone marrow 
smears to detect in vivo damage from chemical mutagens and demonstrated the 
occurrence of micronuclei in bone marrow cells in connection with cytogenetic 
damage. 
In 1970, Schmid and co-workers and Heddle initiated studies to determine 
which parameter might serve as the most useful indicator of cytogenetic damage in 
bone marrow in vivo (Schmid and Staiger, 1969; Boiler and Schmid, 1970; Arakaki 
and Schmid 1971; Matter and Schmid, 1971; Schmid et al., 1971; Heddle, 1973; Von 
Ledebur and Schmid; 1973). The target possibilities in using bone marrow 
micronuclei for evaluating the clastogenic potential to chemical substances became 
immediately known. This was subsequently continued by Matter and Schmid, (1971) 
in an extensive study on the bone marrow of several laboratory animals treated with 
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clastogenic treniman. Heddle (1973), reported the micronucleus inducing effect of X-
rays on the mouse bone marrow. As subsequent development, Von Ledebur and 
Schmid (1973) suggested immature polychromatic erythrocytes (PCE) for 
micronucleus evaluation. This work led to detailed and improved protocols (Schmid, 
1975, 1976; Heddle et al., 1983; MacGregor et al., 1987). Their work led to the 
conclusion that incidence of micronucleated polychromatic erythrocytes (PCE's) was 
a particularly useful index of in vivo bone marrow cytogenetic damage (Von Ledebur 
and Schmid, 1973). This work of Von Ledebur and Schmid is of particular 
importance as it led directly to the development of simpler in vivo test based on the 
identification of micronuclei in the PCEs of mouse bone marrow and is now known as 
the micronucleus test. 
Since micronuclei results from cytogenetic damage in many kinds of 
proliferating cells, there is no single micronuclei test. Nonetheless, the importance of 
mouse PCE micronucleus test is evident for its wide spread acceptance. This mouse 
bone MNT has gained a worldwide recognition in mutagenicity testing, and is widely 
accepted by legislative and international agencies. It is used to detect the chemically 
induced damage of chromosome or of the spindle apparatus in nucleated 
erythropoietic precursor cells (Schmid, 1975; Heddle and Carrano, 1977; Yamamoto 
and Kikuchi, 1980). The MNT has been proposed as one of the short-term in vivo 
mutagenicity assay since then (Ashby, 1983, 1986). The increasing use of various 
micronucleus assays since 1973 undoubtly stems mainly from the primary advantage 
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of Speed and simplicity of scoring micronuclei as it is far simpler, demands less 
expertise, and is more rapid than the scoring of structural aberrations in proliferating 
cells. Secondly, micronuclei persist for varying length of time after their formation so 
that they can be analyzed in non-dividing descendants of proliferating cells. And 
lastly, micronuclei are produced not only as a consequence of exclusion from 
daughter nuclei of acentric fragments from broken chromosomes at time of cell 
division, but also from whole chromosome which may be excluded as a consequence 
of damage to centromere, centriole or the protein components of mitotic spindles 
(Evans, 1988). 
Bone marrow is convenient tissue for cytogenetic analysis because its inherent 
high turn over of cells obviates the need for external stimulation or accumulation of 
dividing cells. The preparation of bone marrow smears is technically simple and large 
population of cells is easily obtained within bone marrow, various cell types have 
been used for micronucleus scoring (Matter and Schmid.1971; Heddle, 1973; Matter 
and Graunwiler, 1974). But the remarkable work of Von Ledebur and Schmid (1973) 
led to an increasing and now almost universal selection of PCE as the cells of choice. 
These cells are newly formed erythrocytes (immature erythrocytes). 
The PCEs are cells that have recently undergone DNA synthesis and mitosis, 
are therefore easily distinguished by their color from any other cells on the slide. This 
feature is important in establishing that increases in the incidence of micronuclei 
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result from damage that occurred during time treatment. The PCE's are also 
somewhat larger and tend to have more diffuse boundaries then the Red blood cells 
(RBC's) Mice are the species of choice because they have been most commonly used 
but other species have also been used successfully (Matter and Schmid, 1971; Goetz 
et al, 1975) Nevertheless most of the experience upon which the standard protocols 
are based was obtained in mice, so that unless known metabolic or other differences 
indicate other species, the mouse is the species of choice. 
The genotoxicity test data on chloroacetic acid indicate that the potential for 
DNA damage and mutagenicity is probably low. CAA did not cause preferential 
killing of a DNA repair-deficient strain oi Escherichia coli (WPIOO) over the wild-
type strain (WP2) (Mamber et al., 1983) and it was inactive when tested for prophage 
induction in a lysogenic strain of £. coli (K12) (Mamber et al., 1984). These findings 
indicated that exposure to CAA did not induce DNA damage in these test systems. 
CAA was not mutagenic in any of several strains of 5. typhimurium (base-pair 
substitution and frameshift mutants), with or without exogenous metabolic activation 
(Bartsch and Montesano, 1975; McCann et al., 1975; Bartsch et al., 1976; Rannug et 
al., 1976; Mortelmans et al., 1986), or in Chinese hamster V79-4 cells (Bartsch and 
Montesano, 1975). However, a positive response was obtained in the mouse 
lymphoma L5178Y cell assay for the induction of trifluorothymidine resistance, with 
or without S9 activation (Amacher and Turner, 1982; McGregor et al., 1987). There is 
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one report on cytogenetic induction of the abnormalities in bone marrow cells of 
Swiss mice exposed by intraperitoneal injection to doses of 125, 250, or 500 mg/kg 
trichloroacetic acid (Bhunya and Behera, 1987) and another in agreement of this 
report, three sub-lethal doses 80, 100, 120 mg/lOOg of chloroacetic acid at different 
time intervals has shown the higher and significant micronucleus induction in bone 
marrow cells of Rattus norvegicus (Siddiqui et al., 2006). 
On the other hand genotoxicity of 2,4-D is also provided in some systems 
inspite of negative and inconclusive results (Seller, 1978). In Ames S. typhimurium 
assay system, mixed positive response were obtained using various strains. Microbial 
studies on E. coli and B. subtilis as the model organisms have negative results 
(Klopeman et al., 1985) though for E. coli, weak and clear positive results were 
described thereafter as well (lARC, 1986, Venkat et al., 1995). In mammals, 
including human beings, many authors reported the cytotoxic effects of 2,4-D. 
Induced CA in human peripheral lymphocytes culture (Mustonean et al., 1986) and 
genotoxic effect in rat bone marrow was also observed (Adhakari and Grover, 1988). 
In addition 2,4-D was found to increase the bilayer width of the model membrane 
system in human erythrocytes causing echinocytes (Suwalsky et al., 1996). 2,4-D 
significantly increased the frequency of CA and SCE in mouse bone (Amer and Aly, 
2001; Madrigal-bujaidar et al., 2001). 
However another micronucleus assay on 2,4-D and seven of its salts and esters 
in mouse bone marrow, revealed lack of genotoxic and carcinogenic potential 
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(Charles et al., 1999) while in Culex pipiens fatigans (Ali and Ahmad, 1996) positive 
results were obtained and a significant increase of MN frequency with some form of 
altered erythrocytes in freshwater fish C. batracus (Ateeq et al., 2002b) were 
observed earlier, 2,4-D poisoning provoked disruption of hematopoietic tissue 
components in Tinea tina (Gomez et al., 1998). In plant system 2,4,-D was also 
known to induce CA and morphological alteration of roots. 
^PERM ABNORMALITY TEST 
In animal systems many aspects of genetic toxicity due to several pesticides have 
already been worked out (Nygren, 1949; Wuu and Grant, 1966; Hollaender, 1971; 
Majumdar and Hall, 1973; Darving and Hultgren, 1977; Bhunya and Behera, 1984; 
1987; Hoffman, 1996; Khanuja et al., 2001; Ateeq et al., 2002; Farah et al., 2003, 
2004; Ateeq et al., 2006). Protocols on mammalian system have also been developed 
to evaluate mutagenesis using the various chemical and physical agents (Fishbein et 
al., 1970; Legator, 1970; Sharma et al., 2000; Siddiqui et al., 2006). 
In recent years there has been an increased awareness of possible deleterious 
effects of environmental agents on the male reproductive system. The importance of 
detection and prevention of these effects in the work place and environment has also 
been looked upon (Cassidy et al., 1983). It is proposed that the increase in the number 
of sperm abnormalities may be a consequence of some sort of genetic damage to 
spermatogenic cells and, hence the assay may be of great importance in measuring the 
21 
Faisal Siddiqui M m ^ ^ l 4 c ^ | J ^.i'-C '"• , '' Introduction and review ~ i _ 
extent of damage, due to any physical or chemical agent (Wyrobek and Bruce, 1975). 
Therefore, there is a sufficient possibility that the process of spermatogenesis is 
vulnerable to genotoxic effects. The application of this short-term bioassay has also 
been demonstrated in investigating the mutagenic effects of different chemical agents 
(Wyrobek and Bruce, 1975; Wyrobek et al., 1983). 
During spermatogenesis the active DNA synthesis occurs. Thus, spermato-
genesis is vulnerable to genotoxic effects (Sjoblom et al., 1995). Gene mutation in 
germ cells can cause them to die, resulting in transient or permanent sterility, and 
sometimes causes gene mutation in progeny (Adler, 2000). Experimentally, adverse 
effects upon male reproduction are usually assessed only from the results of mating 
studies and histopathological examination of the reproductive tract of animals. Whilst 
these investigations will detect major effects upon the male, more subtle effects, e.g., 
oligospermia in the absence of pathological lesions may go undetected. It is therefore 
desirable to have a quantitative method of measuring sperm production for use in 
studies in which environmental agents are being toxicologically evaluated. A rapid 
technique is available for obtaining counts of normal and abnormal sperm in rats after 
necropsy, this was adapted from a procedure used to study the cell kinetics and 
cytochemical development of spermatogenesis in the mouse (Meistrich et al. 1976, 
1978). It shows that the number of abnormal sperms in mice increases measurably 
with the exposure to low doses of x-rays (MacLeod, 1964; Oakberg and Diminno, 
1960; Bruce et al., 1974). 
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Therefore, in the present study, we evaluated the testicular toxicities of 
Chloroacetic acid (CAA) and 2,4-Dichlorophenoxyacetic acid compounds in rats 
after one week administration. 
NEUROTOXICOLOGY 
The environment represents a key contributor to human health and disease. Exposure 
of many substances such as pollutants, chemicals and agricultural pesticides 
(environmental stressors), have detrimental effects on health and are considered to 
contribute substantially to most diseases of major public health significance. 
Environmental diseases are those which in general aroused or exacerbated by 
exposure to environmental stressors and include cancer, chronic lung diseases, 
diabetes and neuro-degeneration. Thus, it is now evident that research towards 
understanding how environmental risk factors influence the development and 
progression of disease will lead to further improvements in public health. 
Neurotoxicology occupies a prominent position in discussions of risk 
assessment (National Research Council, 1992; McMillan, 1987; Reiter, 1987; Sette, 
1987, 1989). This prominence stems from the large number of health disasters caused 
by chemicals with neurotoxic potential and the extensive scientific evidence that such 
agents are abundant in our working and living environment. Neurotoxicants are 
chemical substances that adversely act on the structure of function of the nervous 
system and have serious impact on human health. They affect the nervous system in 
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different ways; this depends on the molecular structure of the neurotoxic chemical 
substance and the specific function and structure of the nervous system tissue (Rodier, 
2004). Neurotoxins that act on central nervous system (CNS) impair 
neurotransmission in the brain and spinal cord causing confusion, irritability, fatigue 
and other behavioral changes while neurotoxins that act on peripheral nervous system 
(PNS) impair neurotransmission in the other biological systems causing weakness, 
prickling or tingling in the limbs and loss of motor control (Campbell, 1993). 
For the most obvious neurotoxicants such as several metals, solvents, and 
pesticides, epidemiologic studies were not needed to document that toxic effects 
occurred in humans. Also, acute neurotoxicity has often been documented only by 
case reports. However, the fact that a particular chemical is neurotoxic does not 
contribute much to the database needed for risk assessment (Grandjean et al., 1996). 
For the purpose of risk assessment, studies of exposed human populations should 
contribute information in the following four areas: 
<• Characterization of the types of neurotoxicity that may occur as a result of the 
exposure, including progression or reversal of the changes, so that the effects 
can be evaluated with regard to their adverse implications for human health; 
• The average degrees of the neurotoxic effect caused by different magnitudes 
and durations of the exposure (dose-effect relationship); 
•:• The relative frequency of a specific effect in response to different degrees of 
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exposure (dose-response relationship); and 
••• Predisposing factors that may render particular individuals more susceptible to 
the effects of the neurotoxic exposure. 
Over the last 100 years, industrial activities have introduced a vast array of 
new chemicals into the home and environment and have greatly increased the 
possibility of toxic exposures in the general population. At present, more than 65,000 
chemicals are commercially used by industry, including some 3,350 pesticides, 8,627 
food additives, 1,815 pharmaceuticals, and 3,410 cosmetic ingredients (Lave and 
Upton, 1987; U.S. Congress, 1990). In addition 1,000 to 1,600 new chemicals are 
submitted for pre-manufacture notification each year in the United States (Anger, 
1990). Several regulatory agencies in the United States are charged with enforcing 
legislation designed to protect the public and environment from the hazards of 
chemical exposure (Tilson, 1989). In cases where little toxicological information 
exists, there is a need to first determine whether a chemical is capable of producing 
neurotoxicity, i.e., hazard identification. Frequently, an LD50 (or equivalent) and a 
chemical's structure are all that are available in the early stages of hazard 
identification. 
It is not surprising that a disproportionate number of health disasters have 
involved the nervous system rather than other organ systems which are less 
vulnerable to toxic insult. The unique susceptibility of the nervous system has been 
related to: (a) the inability to replace lost nerve cells; (b) the tendency of certain 
25 
Ph.D. Thesis ff^m , ^-•' -• • 
Faisal Siddiqui M\&MiJa/ , , . , • ^' 
^^0>^ Introduction ana review f;,... , • 
nervous system components, notably myelin, to accumulate and retain lipophilic 
substances such as organic solvents; (c) the vast surface area of the nervous system 
which facilitates exposure to neurotoxic chemicals; (d) the dependency on 
electrochemical transmission accessible to extracellular fluid at the synapse; (e) the 
long distances over which neurons transport cellular products; (f) the extraordinary 
sensitivity of the neuron to energy and oxygen deficits; and, (g) the unique nutritional 
requirements of many specialized neuronal cells (Bondy and Lee, 1992; Office of 
Technology Assessment, 1990). 
Neurotoxic disorders, hearing loss, and psychological dysfunction are among 
the 10 leading occupational problems in the workplace (CDC, 1983). A recent 
publication from the Office of Technology Assessment (OTA) estimated that 3 to 
28% of all chemicals may be neurotoxic (OTA, 1990). To identify agents producing 
neurotoxic effects, considerable efforts have been made to develop valid, sensitive 
measures of neurotoxicity. Many of the tests currently used in neurotoxicological 
studies are functional indicators of neurotoxicity. More serious problems occurring 
today in developing countries, where local media reports may be the only source of 
information about such occurrences, estimate that there are in excess of 500,000 cases 
of accidental pesticide poisoning each year. While the number of lethal poisonings is 
not known, some suggest that as many as 99% of the deaths from pesticide 
poisonings occur in developing countries. 
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Chemical exposure which interferes with cellular proliferation, migration, 
axonal growth, synapse formation and dendritic differentiation can produce 
devastating consequences in the adult (Suzuki, 1980). For some CNS structure, like 
the hippocampus, neuronal differentiation, migration and synaptogenesis are largely 
postnatal events and are extremely vulnerable to toxic insult (Altman and Bayer, 
1970). Several researches suggest that acetylcholinesterase (AChE) modulates 
neuronal development (Kasa, 1978; Kasa et al., 1982; Miki and Mizogouti, 1982; 
Kostovic and Goldman-Rakic, 1983; Bisso et al., 1985; Garrison and Wyttenbach, 
1985), and that its inhibition might alter a variety of structural and biochemical events 
involved in neural circuitry. The lead induced changes have been reported across a 
variety of species, including rats (Cory-Slechta et al., 1983, 1985), sheep (Van Gelder 
et al., 1973), and non-human primates (Rice, 1988) and across a variety of 
developmental exposure periods, ranging from the time of birth (Angell and Weiss, 
1982; Rice, 1988) up through at least young adulthood (Nation et al., 1983; 1989). 
hipid Peroxidation 
Lipid peroxidation is defined as an oxidative deterioration of membrane unsaturated 
fatty acids that oxidative stress occurs in the cells. As a consequence of an inequity 
between the prooxidant/antioxidant systems, injury may be caused to biomolecules 
such as nucleic acids, proteins, structural carbohydrates, and lipids (Sies and Cadenas 
1985). Among these targets, the peroxidation of lipids is basically damaging because 
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the formation of lipid peroxidation products leads to spread of free radical reactions. 
The general process of lipid peroxidation consists of three stages: initiation, 
propagation, and termination (Catala, 2006). The initiation phase of lipid peroxidation 
includes hydrogen atom abstraction. Several species can abstract the first hydrogen 
atom and include the radicals: hydroxyl (*0H), alkoxyl (RO *), peroxyl (ROO '), and 
possibly HO 2 * but not H2O2 or O2 -* (Gutteridge, 1988). Peroxidation of lipids can 
disturb the assembly of the membrane, causing changes in fluidity and permeability, 
alterations of ion transport and inhibition of metabolic processes (Nigam and Schewe, 
2000). Injury to mitochondria induced by lipid peroxidation can direct to further ROS 
generation (Green and Reed, 1998). In addition, LOOH can break down, frequently in 
the presence of reduced metals or ascorbate, to reactive aldehyde products, including 
malondialdehyde (MDA), 4-hydroxy-2-nonenal (HNE), 4-hydroxy-2-hexenal (4-
HHE) and acrolein (Esterbauer et al, 1991; Parola et al., 1999; Uchida, 1999; Biswal, 
2000; Lee et al., 2001). A great variety of compounds are formed during lipid 
peroxidation of membrane phospholipids (Fig.l). In addition, a variety of lipid 
byproducts are produced as a consequence of lipid peroxidation, some of which can 
exert adverse and/or beneficial biological effects. 
Neural membranes contain large amounts of phospholipids that are 
characterized by their high content of arachidonic, docosatetraenoic (adrenic) and 
docosahexaenoic acids. These polyunsaturated fatty acids (PUFAs) are essential for 
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normal cell functioning because many membrane properties such as fluidity and 
permeability are closely related to the presence of unsaturated and polyunsaturated 
side chains. Phospholipid peroxidation results in loss of membrane PUFA and 
contributes to increased membrane rigidity (Choe et al., 1995). In neural membranes 
lipid peroxidation is initiated by hydroxyl radicals that are capable of abstracting 
hydrogen atoms from membrane phospholipids and inducing the formation of 
conjugated dienes that combine rapidly with oxygen to form conjugated peroxyl 
radicals. Peroxyl radicals can abstract a hydrogen atom from other fatty acids and thus 
onset of chain reaction that can continue until all neural membrane fatty acids are 
completely oxidized (Porter et al., 1995). 
Lipid peroxides within the membrane have a devastating effect on membrane 
integrity because they alter membrane fluidity and permeability, thereby allowing 
ions such as Ca'^ '*' to leak into the cell. Iron and copper play major roles in lipid 
peroxidation. These ions catalyze the formation of hydroxyl radicals. They also react 
with lipid hydroperoxides and decompose them to peroxyl and alkoxyl radicals and 
they can reinitiate lipid peroxidation (Halliwell, 1994). 
The over stimulation of excitatory amino acid receptors may result in 
activation of lipases and phospholipids and this produces changes in membrane 
phospholipids composition, permeability and fluidity, thus decreasing the integrity of 
the plasma membrane. Alterations in plasma membrane properties may be responsible 
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for the degeneration of neurons, as seen in acute trauma and neurodegenerative 
disease (Farooqui et al., 1994). Normally the damage produced by lipid peroxidation 
is balanced by the antioxidant defense mechanisms (Halliwell, 1994, 1995). 
All of these processes may contribute to neural cell injury. Another important 
factor for neural cell survival is its energy status (Novelli et al., 1988). A low-energy 
state within certain neurons may potentiate their susceptibility to lipid peroxidation. 
Furthermore, oxidative damage in neural membranes can cause an inactivation of 
Ca^^-ATPase and result in Ca"^ ^ accumulations, which is toxic for the cell. 
Malondialdehyde (MDA) is one of the lipid oxidation products which can 
react with the free amino group of proteins, phospholipids, and nucleic acid leading to 
structural modifications, which can induce dysfunction of immune system. High level 
of lipid peroxidation products can be detected after injury or disease (Farooqui and 
Horrocks, 1998). As lipid oxidation of cell membrane increases, the polarity of lipid-
phase surface charge and the formation of protein oligomers increase, and molecular 
mobility of lipids, number of SH groups, and resistance to thermodenaturation 
decrease. Recent findings have emphasized the importance of lipid peroxidation in 
relation to the role of caloric restriction and the extension of longevity (Kim and 
Diamond, 2002). 
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Sulfhydryl (-SH) group 
Peroxides are generated continuously during aerobic metabolism in mammalian cells. 
Consequently peroxides have to be detoxified continuously to prevent oxidation of 
cellular components by peroxides or peroxide derived reactive oxygen species (ROS). 
These processes are especially important for the human brain because the cells of this 
organ utilize 20% of the oxygen consumed by the body even though they constitute 
only 2% of the body weight (Clarke and Sokoloff, 1999). Sulfhydryl (-SH) group is 
also known as thiol group. It plays a key role in many important enzymes by acting as 
active enzymatic sites (Hoch and Vallee, 1959). There are two major types of 
sulfhydryl groups viz. protein bound (PB) and non-protein bound (NPB). NPB 
sulfhydryl group has got a vital role in cellular detoxification against free radical 
mediated damage (Chio and Tappel, 1969). Sulfhydryl groups derived from the side 
chain of cysteine residues, occur in a number of enzymes. Sulfhydryl (-SH) group and 
disulfide (-SS) bond of cysteine are highly reactive and apparently involved in the 
maintenance of the conformation and biological activity of certain proteins. 
Deficiency of total and free sulfhydryl groups causes accumulation of peroxide in 
various regions of brain (Tappel, 1973). Sulfhydryl groups play an important role in 
GST induced detoxification against electrophilic xenobiotics and toxicants by 
conjugating with such compound and thus neutralizing their electrophilic sites (Habig 
et al., 1974). 
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INITIATION 
CH3-CH2-CH=CH-CH2-CH=CH-CHrCH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=C(CH2)2COOH 
+ HO* (hydrogen abstraction) I 
CH3-CH2-CH=CH-CH-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=C(CH2)2COOH 
• R» Carbon-centred radical 
I + H2O (molecular rearrangement) + O2 (oxygen uptake) 
CH3-CH2-CH-CH=CH-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=C{CH2)2-COOH 
I Fatty acid peroxyl radical 
0-0« 
PROPAGATION 
CH3-CH2-CH-CH=CH-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=C(CH2)2-COOH 
I Fatty acid peroxyl radical 
0 0 . 
LH {interaction with other lipid molecule) I-
CH3-CH2-CH-CH=CH-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=C{CH2)2-COOH 
I Fatty acid hydroperoxide 
0-OH 
+ L • 
I + Fe *^ 
CH3-CH2-CH-CHsCH-CH-CH-CH2-CHsCH-CH2-CH~CH-CH2-CHsCH-CH2-CH=C{CH2)2-COOH 
I Fatty acid aikoxyl radical 
0« + OH-
+ Fe^ * 
TERMINATION 
CH3-CH2-CH-CH=CH-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=C{CH2)2-COOH 
I Fatty acid hydroperoxide 
0-OH 
I (Decomposition) 
CH3-(CH2)-CH(OH)-CH=CH-CHO + other products 
(HHE) 4-hydroxy-2-hexenal 
Fig.l: Lipid peroxidation of docosahexaenoic acid (Catala, 2006). 
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Glutathione is a small molecule made up of three amino acids, which exists in 
almost every cell of the body. The presence of glutathione is required to maintain the 
normal function of the immune system. Glutathione has been considered to function 
as biological antioxidant. It plays a pivotal role in the destruction of free radicals as 
well as inorganic and organic peroxides (Shoal, 1981). Glutathione is a tripeptide 
composed of L-glutamate, L-cysteine and glycine, and is considered to be the most 
prevalent and important intracellular non-protein thiol / sulfhydryl compound in 
mammalian cells (Meister, 1988). 
GSH is one of the major low-molecular weight antioxidants involved in many 
cellular functions. It is the substrate for the defense enzymes glutathione peroxidase 
and glutathione S-transferase (GST) and participates in antioxidant reactions toward 
peroxides or the detoxification of xenobiotics (Dringen et al., 2000). GSH can 
participate directly in radical mediated reactions, without enzymatic participation as a 
radical and protective scavenging agent (Jones et al., 2002). A crucial role for GSH is 
as free radical scavenger, particularly effective against the OH radical. The ability of 
GSH to non-enzymatically scavenge both singlet oxygen and OH radical provides a 
first line of antioxidant defense. Approximately 90% of total cellular glutathione is 
localized in the cytosolic fraction, the rest being compartmentalized within 
mitochondria (Reed, 1990). Free radicals can be generated by a variety of normal 
cellular processes. For neural cells these include, oxidative phosphorylation, the 
breakdown of neurotransmitters such as dopamine and serotonin, overactivation of 
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neurons by calcium or excitatory amino acids, and beta amyloid production (Benzi, 
and Moretti, 1997). Oxidative stress arising from free radical formation can affect the 
ratio of reduced to total GSH and the GSH status of the cell is depleted to combat 
such radicals. Glutathione, as a critical component of antioxidant defense, has been 
linked directly to oxidative stress, and evidence that alterations in GSH status may 
play a role in neurological diseases is growing (Harding, et al., 1996, Hagan, et al., 
1997). Marked reductions in intracellular or intra-mitochondrial glutathione are 
associated with events in apoptotic cell death. Strong evidence that glutathione 
depletion causes cell death comes from cell culture (Wullner et al., 1999). Therefore, 
increasing brain glutathione levels may have therapeutic benefits. 
Superoxide dismutase 
Superoxide dismutase (SOD) is a very important enzyme which is essential for the 
survival of aerobic cells. Peroxide radical is a common intermediate of oxygen 
reduction (Misra and Fridovich, 1972). All aerobic organisms utilize O2 and must 
have some mechanism by which they can minimize O2 toxicity. One mechanism is 
the production of superoxide radical and its dismutation reaction, catalyzed by the 
enzyme superoxide dismutase (Harman, 1956, 1971). The superoxide anion is a free 
radical formed by one electron transfer to oxygen. 
O2 + e • 02* 
SOD catalyzes the dismutation between two moles of superoxide anion to yield 
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one mole of oxidized product (oxygen) and one mole of reduced product, i.e. 
hydrogen peroxide (Klug et al., 1972). 
O2" +02'"+2H^ • O2 + H2O2 
This is analogous to the dismutation of hydrogen peroxide to oxygen and water 
catalyzed by catalase. Ordinarily, electrostatic repulsion between two molecules of 
superoxide anion limits their approach to one another. SOD overcomes the barrier and 
generally increases the dismutation rate (Fridovich, 1976, 1978). 
Several forms of SOD have been identified since the enzyme was first 
discovered in 1969 by McCord and Fridovich. SOD has been demonstrated in a 
variety of tissue and cell types and appears to protect against the toxic effects of the 
O2" free radical and thus provide a mechanism by which an organism can avoid 
possible deleterious effects of this radical or other free radicals which might be 
produced by its further reaction with cellular components (Fridovich, 1975, McCord 
and Fridovich, 1969). Superoxide arises naturally in some enzymatic reactions 
(Fridovich, 1978) such as xanthine oxidase, dihydro-oratic acid oxidase, aldehyde 
oxidase, tryptophan dioxygenase or during auto-oxidation of tissue constituents such 
as reduced flavins or ascorbate or more dramatically during the rapid spontaneous 
auto-oxidation of certain neuronal toxins such as 6-hydroxydopamine or 6-amino-
dopamine (Cohen and Heikilla, 1974). Superoxide radical at neutral pH can act either 
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as a weak oxidizing agent, e.g. with catecholamine, or as a strong reducing agent, e.g 
with cytochrome c or nitroblue tetrazoHum. 
Regional distribution studies in the rat by Thomas and his coworkers (1976) 
showed a relatively homogeneous distribution in brain about a two-fold range from 
the highest area (medulla oblongata) to the lowest area (cortex). Sub-cellular 
distribution studies in the rat (Thomas et al., 1976) showed the highest level in the 
cytoplasm while myelin has very low levels. Peroxidative damage has been 
implicated as one of the principal causes of age-related damage to cells (Barber and 
Bernheim, 1967; Hougarrd, 1968). Such damage is at least partially associated with 
the free radicals. The reduction in SOD activity as a function of age could result in an 
impaired protection against the toxic effects of O2 and thus might lead to cause 
cellular damage (Kellogg and Fridovich, 1976; Massie et al., 1979; Vanella et al., 
1982, 1989, Benzi et al., 1988; Tayarami et al., 1989). 
It was reported that oxidative and chemical stresses inhibit the SOD activity in 
various regions of the brain in growing rats (Shukla et al., 1987). They suggested that 
oxidative stress directly or indirectly increases lipid peroxidation in cell membranes 
through inhibition of SOD and produce damages to the associated physiological 
function, leading to CNS dysfunction. 
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Catalase 
Catalase (CAT) is another scavenging enzyme wliich catalyzes the breakdown of 
hydrogen peroxide to water and oxygen (Scott and Harrington, 1990). 
Catalase 
2H2O2 ^ 2H2O+O2 
It is tetrahemin enzyme and each tetrameric molecule of human and bovine catalase 
has four molecules of tightly bound NADPH (Kirkman et al. 1987). H2O2 is a known 
cytotoxin which is produced during amine metabolism in CNS (Tipton, 1968). CAT 
reduces H2O2 and thus serves as protective role in brain metabolism. CNS catalase is 
largely associated with small sub-cellular particles termed as "micro- peroxisomes" 
(Hurban et al., 1972; Novikoff et al., 1973; McKenna et al., 1976). It exerts various 
physiological functions. A protective role for catalase in brain is the removal of H2O2 
which can induce damage to tissue constituents by oxidizing enzymes or membrane 
sulfhydryl groups or by initiating lipid peroxidation. This has led to demonstrate that 
catalase is equally involved in the removal of H2O2 as is GSHPx (Gaetani et al., 
1989). Furthermore, at higher concentration of H2O2, the action of catalase becomes 
increasingly important than GSHPx. It has been tested that catalase prevents ascorbate 
induced somatic mutation (Rosin et al., 1980), free radical-induced aldehyde 
formation in DNA (Sinha and Patterson, 1983), lipid peroxidation (Koster and Slee, 
1980) and DNA scissions caused by H2O2 (Chilou, 1983; Yonei et al, 1987). The 
increased H2O2 concentration and lipid peroxide levels are often associated with the 
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decreased catalase activity (Del Boccio et al., 1990). In many systems, catalase and 
SOD work together to eliminate the toxic precursors of free radicals (Fridovich, 
1981). Many available reports indicate that SOD and catalase form a "defensive 
team" effective against endogenously produced superoxide anion (O2") (Rowley and 
Halliwell, 1983; Ahmed et al., 1987). 
Protein 
Protein is one of the important biochemical components in the vertebrate brain, 
constitutes 40% of the diy weight (Mcllwain and Bachalard, 1971). The specific 
neuronal functions such as conduction of action potentials, and synaptic transmission 
are extensively mediated by protein (Bock, 1978). Protein inhibition might be an 
indication of disequilibrium of normal energy metabolism (Arnaiz, 1975). The 
specific neuronal functions such as transmission are extensively mediated by proteins 
(Bock 1978). ROS also catalyze oxidative modification of proteins including 
enzymes, rendering them degradable by cytosolic proteases further affecting cell 
functions (Stadtman, 1992). 
f^eurobehavioral 
Behavioral end points are being used with greater frequency in neurotoxicology to 
detect and characterize the adverse effects of chemicals on the nervous system. 
Behavioral measures are particularly important for neurotoxicity risk assessment 
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since many known neurotoxicants do not result in neuropathology. Developmental 
neurotoxicity is frequently expressed as alterations in motor function or cognitive 
abilities or changes in the ontogeny of sensorimotor reflexes. Neurotoxicity risk 
assessment should include assessments of the full range of possible neurotoxi-
cological effects, including both structural and functional indicators of neurotoxicity. 
During the last two decades, there has been an increased interest in the nervous 
system as a target organ for toxicity (Geller et al., 1979; Gryder and Frankos, 1980; 
Weiss and Laties, 1969; Weiss and Laties, 1975). It is now well established that 
exposure to some chemicals used in agriculture and industry can produce 
neurotoxicity characterized by motor, sensory, cognitive, or autonomic nervous 
system dysfunction. Neurotoxicity including muscle weakness, loss of motor control 
and sensations in the periphery, tremors, visual dysfunction, and cognitive alterations 
has been reported by workers exposed to some herbicides and insecticides. In a 
review of signs and symptoms reported by humans exposed to chemicals. Anger and 
Johnson (1985) identified more than 750 industrial chemicals as having neurotoxicity 
following acute or repeated exposure. It should also be noted that insidious problems 
of neurotoxicity may be undetected because the effects are incorrectly attributed to 
other conditions (e.g., advanced age, mood disorders) or simply misdiagnosed. Until 
recently, screening chemicals for potential neurotoxicity depended heavily on the 
identification of adverse effects on the structure of the nervous system, i.e., 
neuropathology (Duffard and Duffard, 1996). 
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Neurobehavioral effects are important because such changes are frequently 
associated with human neurotoxic disorders. Moreover, it supports a diversity of 
complex processes including cognition, awareness, memory, attention, vigilance, and 
language, all of which are affected by exposure to chemicals (Anger and Johnson, 
1985). The complexity of the interactions of the nervous system with other organs 
provides a logical basis for the supposition that changes in nervous system 
functioning may occur on the dose-response curve of toxic effects at doses lower than 
those required to produce morphological or other changes. Behavioral assessment is 
important because often one of the earliest indications of exposure to neurotoxicants 
is subtle behavioral impairment such as paresthesia or short-term memory 
dysfunction. Frequently, such behavioral effects precede more obvious and frank 
neurological signs (Weiss, 1988a, 1988b). 
The chlorinated hydrocarbon class consists of a wide variety of chemicals 
including polychlorinated biphenyls, clioquinol, trichloroethylene, hexachlorophene, 
organochlorine insecticides, and phenoxyherbicides. Each of these chemicals has 
effects on motor, sensory, or cognitive function that are detectable using functional 
measures such as behavior. Furthermore, there is evidence that if exposure occurs 
during critical periods of development, many of the chlorinated hydrocarbons are 
developmental neurotoxicants. 
Numerous test methods are available for the assessment of learning, memory. 
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sensory, motor cognitive and other abilities in adult animals. In the present study we 
examined the following behavioral tests: 
Open Field Test 
One of the most traditional and widely used methods for the assessment of the 
emotional state in rodents is the open field test (Tobach. 1969), of which many 
varieties exist. A flat area bounded by walls is divided into squares, and several 
activities are scored (number of center and peripheral squares entered per unit time, 
latency to leave the center area, rearing, grooming, etc.).The open field is a typical 
all-purpose observational test, which imposes a considerable workload; therefore its 
cost-effectiveness ratio depends jointly on labor cost and the value attached to 
information provided by multiple response end points. The test is performed in a 
circular or square arena with a washable floor that needs to be thoroughly cleaned 
after each test. 
Whatever species and test conditions are used, open field tests must be 
performed under closely controlled conditions of illumination, background noise, and 
lay-out of landmarks outside the arena (e.g., the room furniture, any other object of 
more than minimal size, and the experimenter's location). As in any observational 
test, experimenter bias in the scoring of various responses must be closely controlled 
whether the scoring is made directly during the test or later on, from video-
recordings. 
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In the open field situation, other responses such as defecation and urination 
can also be measured. Open field activity scores seem to reflect both emotional 
reactivity and exploratory behavior, whereas defecation primarily reflects emotional 
reactivity. Even though the results have not always been consistent, an inverse 
relationship between exploratory activity and the emotional state of the animal has 
been suggested, and activity has frequently been inversely correlated with defecation 
levels (Rodier, 1978). 
Elevated Plus-Maze 
Some testing methods used for the assessment of the emotional state in rodents are 
based on the conflict between exploration and aversion, that is, on the capacity of 
situational aversiveness to reduce or block exploratory responses. These methods 
include the elevated plus-maze test. The elevated plus-maze apparatus consists of an 
elevated maze with intersecting arms of which two are open and two are closed. The 
animal is placed in the center of the maze and has free access to all arms. Entries into 
open and closed arms and time spent in open and closed arms are scored by incidence. 
Under nondrug conditions, rodents spend more time in the closed arms than in the 
open ones. This test has been validated behaviorally and pharmacologically (Pellow et 
al., 1985; Pellow and File, 1986). Anxiogenic compounds, such as pentylentetrazole 
and FG 7142, further decrease the percentage of entries into and time spent in the 
open arms, whereas anxiolytic drugs, such as benzodiazepines, elicit opposite effects. 
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The elevated plus-maze test has been frequently used for the assessment of emotional 
changes produced in rodents by developmental exposure to psychoactive compounds. 
Kota-rod 
The test is used to evaluate the activity of drugs interfering with motor coordination. 
In 1957, Dunham and Miya suggested that the skeletal muscle relaxation induced by a 
test compound could be evaluated by testing the ability of mice or rats to remain on a 
revolving rod. This forced motor activity has subsequently been used by many 
investigators. The dose which impairs the ability of 50% of the mice to remain on the 
revolving rod is considered the end point. 
Only those animals which have demonstrated their ability to remain on the 
revolving rod for at least 1 minute are used for test. The test compounds are 
administered intraperitoneally while protective agent via oral. Thirty minutes after 
intraperitoneal and 60 min after oral administration, the mice are placed for 3 min on 
the rotating rod. The number of animals falling from the roller during this time is 
counted. 
A comparison of the rotarod methods in rats with other tests, such as blockade 
of morphine-induced rigidity in rats, decerebrate in cats, polysynaptic and 
monosynaptic reflex preparations in cats (Novack and Zwolshen, 1983). Rozas et al. 
(1997) described a drug-free rotarod test that was used to evaluate the effects of 
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unilateral 6-hydroxydopamine lesions, nigral grafts and sub-rotational dose of 
apomorphine. The rotarod unit was automated and interfaced with a personal 
computer allowing automatic recording of the time that each rat was able to stay on 
the rod at different rotational speed. 
ANTIMUTAGENICITY - A CURSORY LOOK 
Global environmental pollution as a consequence of the vigorous growth of industry 
development of human civilization leads to a rise in undesirable genetic mutations 
and increase in cancer risk (Odin, 1997). Therefore, discovery and exploration of 
compounds possessing antimutagenic and anti-carcinogenic properties are of great 
importance. As a result many substances with antimutagenic activities have been 
found (DeFlora and Ramel, 1988; Ramel et al., 1986; Hartman and Shankel, 1990). 
Initiative on antimutagenic genes was started in the year 1950 and reviewed by 
Clark and Shankel in 1975. In these studies antimutagens are shown to be acting 
primarily on the level of cell. However, the present interest on antimutagens has been 
revived by the studies carried out by Japanese workers. Kada (1984) and Hayatsu et 
al. (1988) studied the antimutagenic substances in diet. Several kinds of natural 
products of economical and edible nature harboring amelioration have been reported. 
Certain chemicals are known to inhibit the effects of mutagens. One group 
may act antagonistically to the already existing mutagens by inactivating them in 
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vitro. These have been termed as desmutagens (Kada, 1984). The other types of 
chemicals inhibit the production of mutagens in the cell and these are referred to as 
antimutagens (Clark and Shankel, 1975). The phenomenon of antimutagenesis has 
considerable practical applications particularly in view of the fact that both natural 
and synthetic chemicals have been shown to exert such effects. It has been suggested 
that most of them may act through DNA repair (Giri et al., 1983), though it is more 
likely that different antimutagens have different mode of action. 
These are inconclusive indications that many indigenous substances possess 
some inhibitory activity towards natural and environmental genotoxic agents 
(Brockman et al., 1992; Grover and Bala, 1992). Thus, some natural substances like 
vitamins (Vit. A, C and E) shown to impart protective effect to the genetic elements 
and are active against well-known mutagens (Odin, 1997). 
Since the past fifteen years, a proliferation of published articles and conference 
abstracts on the antimutagenicity of various natural products in Salmonella and other 
cells, and the frequency of the appearance of such articles is increasing, as are the 
conferences devoted to identifying, studying and discussing antimutagenic 
substances. This has resulted in an extensive literature proclaiming the antimutagenic 
effects of many fruits, vegetables and other plants (Zeiger, 2000). 
Some natural inhibitors of mutagenesis and carcinogenesis are of particular 
importance. They may be useful for cancer prevention without having undesirable 
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xenobiotic effects on living organisms. During the past decade(s) a large number of 
compounds which inhibit the development of cancer have been identified. As a 
consequence, antimutagenic activity of herbal extracts of Achillia mellifolium, 
Hamamelis verginiana, Hedera helix and Salvia officinalis are shown to inhibit the 
mutations induced by UV and NQO (Brockman et al., 1992). This is an exciting area 
and the evaluation of antimutagenicity of many candidate compounds are yet to be 
explored. It is expected to provide information on the cellular interaction and can also 
suggest possible mechanism for the antimutagenesis and anticarcinogenesis processes 
that prevent genetic alterations and related disease. 
Green tea belongs to the Camellia family, a perennial plant. Its academic name 
is Camellia sinensis, a shrub native to the mountainous southwest region of China. 
Teas are usually categorized into two types: Chinese (Variety; Sinensis) and Assam 
(Variety Assamica). All teas come from tea leaves that are picked and processed from 
the same type of tree. The specific method of processing differentiates the various 
types of teas into green, black, and oolong tea. 
Since its discovery, green tea has become renowned for its pharmacological 
properties. While green tea is not classified as a medicine, it does contain medicinal 
substances. It is ranked as a leading health-giving substance in traditional Chinese 
medicine. Scientific research is now proving that these benefits are due to the 
antioxidants present in green tea which have shown to be effective in a variety of 
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areas. 
Catechins are the main bioactive constituents of CS leaves and account for 
25% to 35% of their dry weight. The main catechin group consists of eight 
poIyphenoHc flavonoid-type compounds, viz, (+)-catechin (C), (-)-epicatechin (EC), 
(+)-gallocatechin (GC), (-)-epigallocatechin (EGC), (+)-catechin gallate (CO), (-)-
epicatechin gallate (ECG), (+)-gallocatechin gallate (GCG) and (-)-epigallocatechin 
gallate (EGCG). (-)-Epigallocatechin gallate is the most abundant of the tea catechins 
and thought to be responsible for the majority of the biological activity of green tea 
extracts. 
Catechin works to scavenge active oxygen species in the blood. These species 
are beneficial because they help protect the body from harmful microorganisms. This 
section provides some of the latest green tea weight loss research. There are studies 
on green tea consumption in relation to body fat reduction and increase in 
metabolism. Epidemiological observations have shown that people in green tea 
consuming countries mainly, Japan and China have very low rates of cancer. 
Catechins, which are polyphenol compounds are found in abundance in green 
tea, have elicited high interest due to their beneficial effects on health (Katiyar and 
Mukhtar, 1997; Murase et al., 2002; Nagao et al., 2005; Lee et al., 2006; Igarashi et 
al., 2007; Kurahashi et al., 2008). In Japan, catechin-rich beverages have been 
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marketed as a "Food for Specified Health Use" due to claims that they have beneficial 
effects on health, including prevention of body fat. 
Regarding possible genotoxicity or carcinogenicity effects, catechins and/or 
green tea extracts have been shown to be chemopreventive with respect to various 
mutagens or carcinogens, in both in vitro and in vivo systems (Inagake et al., 1995; 
Johnson and Loo, 2000; Sugisawa and Umegaki, 2002; Iwai et al., 2005). 
Earlier reports evaluated the genotoxicity profile of green tea Catechin (GTC) 
preparations in catechin-rich beverages. An in vitro chromosomal aberration assay as 
well as an in vitro mouse lymphoma thymidine kinase (tk) assay showed a genotoxic 
effect. However, no genotoxic potential was confirmed in studies carried out in vivo. 
These outcomes were in agreement with genotoxicity evaluations of other catechin 
preparations reported by Chang et al. (2003) and Isbrucker et al. (2006). 
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Figure: 2. Main catechin components oi Camellia sinensis (green tea) polyphenols. 
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PHYSIO-CHEMICAL INFORMATION OF TEST COMPOUNDS 
India is the most prominent agricultural country in the world. Large number of 
agrochemicals including pesticides and herbicides are used unrestrictedly in the fields 
for increasing productivity. CAA and 2,4-D are among them, and chosen for the 
genotoxic testing in the present study. The physiochemical information and 
toxicological profile of each of them are briefly discussed to have a better 
understanding. 
CANDIDATE COMPOUNDS 
Chloroacetic acid 
Common information'. 
Common name 
lUPAC name 
Monochloroacetic acid or MCA 
Chloroacetic acid 
Chemical family 
CAS Number 
Halogenated aliphatic carboxylic acid/ halo-
alkanoic acid/chlorinated carboxylic acid 
79-11-8 
Physio-ch emical properties: 
Molecular formula 
Chemical structural formula 
Molecular weight 
CH,C1C00H 
94.5 gm/mol 
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Melting point 
Boiling point 
Solubility 
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White crystalline solid 
62-64°C 
102°C 
Aqueous solution and soluble in ethanol, benzene, 
Stability 
Vapor Density 
Vapor pressure 
chloroform and diethyl ether. 
Stable; at least 7 day @ 25°C; 32 day refrigerated 
3.25 (air =1) 
O.lKpa (0.75mm Hg)@20''C 
Use Chloroacetic acid (CAA) is used as a herbicide 
and preservative, as a treatment for plantar warts, 
as a drying agent for curing hay and as a chemical 
intermediate in production of several other 
chemicals. These include carboxymethyl 
cellulase, ethyl chloroacetic acid, glycine, 
synthetic caffeine, sorcosine, thioglycolic acid, 
EDTA, the herbicides 2,4-D and 2,4,5-T and 
vitamin A (U.S. EPA, 1988; NTP, 1992). 
Mammalian toxicity. 
Acute Oral LD50 76mg / Kg for rat oral LD50165 mg/ kg 
for mouse; intraperitoneal 16600 |ig/kg for rats. 
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Fig. 3: Composite metabolic pathway of Chloroacetic acid (Bhat et al., 1990). 
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Ecotoxicity Bird- toxic to poultry, Fish-LCso (48h) for 
rainbow trout 900 mg/L, Bees-toxic to bees. 
Extent contamination of Chloroacetic Acid: 
Thousands of industrial and agricultural workers are exposed to CAA. It is also 
produced in the environment as one of the metabolites of other widely used chemicals 
like vinyl chloride, vinylidene chloride, 1,1,2-trichloroethane and 1,2-dichloroethane 
(YUner, 1971 a,b; Bartsch et al., 1976; Hathway, 1977). CAA can also form as a by-
product of mustard (Agent H) degradation products and decontamination materials 
such as hypochlorite (Woodard et al., 1941; Chenoweth, 1949; Webb, 1966; Sittig, 
1985; U.S. EPA, 1988; Budavari, 1989; NTP, 1992). CAA is also known to be one of 
the most commonly detected disinfection by-products in the drinking water supply of 
the United States (Christman et al., 1983; Norwood et al., 1983; Uden and Miller, 
1983; Krasner et al., 1989; Plewa et al., 2002). 
Chloroacetic acid has been identified as a urinary metabolite of vinyl chloride 
(chloroethylene) (Bartsch and Montesano, 1975; Bartsch et al., 1976), vinylidene 
chloride (l,i-dichloroethylene) (Hathway, 1977), 1,2-dichloroethane (Yllner, 1971b), 
and 1,1,2-trichloroethane (Yllner, 1971a). Detailed information on CAA will guide 
the health-care professionals in treatment of patients accidentally exposed to 
potentially lethal dose of CAA (Bernard et al., 1991). Physio-chemical properties and 
composite metabolic pathway of CAA is as follows: 
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It is a strong irritant to the skin, eyes, and mucus membranes (Morrison and 
Leake, 1941; Sax, 1984). Thus, the increase in hyperplasia of the forestomach 
epithelium is likely related to properties of the chemical. CAA is rapidly and 
efficiently absorbed through the skin. It is not only highly corrosive to tissues 
topically but also can cause death systematically after various routes. Even as little as 
1% exposure to skin can be harmful and individual has to be hospitalized (Mann, 
1969; Quick et al., 1983; Kusch et al., 1990; Kulling et al., 1992). Several reports are 
available wherein cases of accidental poisoning have been found to be fatal to humans 
and animals (Zeldenrust, 1951; Christiansen and Dalgaard-Mikkelsen, 1961; Mann, 
1969; Quick et al, 1983; Kusch et al, 1990; Kulling et al., 1992). There are many 
studies describing the acute, subchronic and chronic toxicity of CAA (Hayes et al., 
1973; Davis and Bemt, 1987; Bhat et al., 1991; Bryant et al., 1992; NTP, 1992; 
Nelson et al., 2001; Shakil and Rozman, 2003), which suggest the lack of 
mutagenicity (Rannug et al., 1976) and its carcinogenic potential (Innes et al., 1969; 
Van Duuran et al., 1974). 
Previous reports indicated that CAA was acutely toxic in rats with three sub-
lethal doses at different time intervals (Siddiqui et al., 2006) and cause neurological 
abnormalities in geese (Christiansen and Dalgaard-Mikkelsen, 1961), cattle and sheep 
(Quick et al., 1983). There are at least two reports of human death associated with 
CAA exposure (Zeldenrust, 1951; Mann, 1969). 
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1,4-Dichlorophenoxyacetic acid 
Common information 
Nomenclature 
Common name 
lUPAC 
Trade name 
Chemical class 
Batch 
CAS number 
, 1 A 73;.' / " T " -
F95RT 
2,4-D 
2,4-D 
2,4-Dichlorophenoxyacetic acid 
Weedtrine-II, Aqua-Kleen, Barrage, Plant gard, 
Lawn-Keep, Planotox and Meller Bare 
Chlorinated phenoxy herbicide 
Loba Chemie (INDIA) Art. 3300 
94-75-7 
Physiochemical properties 
Chemical Structure of 2,4-D CI 
r^'V" 0 
0 
OH 
Molecular weight 
Molecular formula 
Form 
Melting point 
Solubility in water 
Stability 
221.0 
CgH^CbOs 
Colorless powder 
I40.5°C 
31 lmg/1 (pH-1, 25°C) Insoluble in petroleum oils 
2,4-D is a strong acid and form water soluble salts 
with alkali metals and amines, hard water leads to 
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Vapor pressure 
S/G Density 
Pka 
participation of the calcium and magnesium salts. 
1.1 X 10"^Pa(@20°C) 
1.565 (30°C) Kpw: log P= 2.58-2.83 (pH-1) 
2.64 
Commercialization 
History 
Manufacturer 
The potent effects of its salts on plant growth 
were first described by P.W. Zimmerman and 
A.E. Hitchcock (contrib. Boyce Thompson Inst. 
1942). 
Agrolinz, All India Medical, BASF Bayer, Bitter 
-field, Zeneca etc. 
Application 
Mode of action 
Use 
Selective systemic herbicide salts are readily 
absorbed by the roots while esters are readily 
absorbed by the foliage. Translocation occurs 
with accumulation principally at the meristematic 
region of shoots and roots act as growth inhibitor. 
Post emergence control of annual and perennial 
broad leaved weeds in cereals, maize, sorghum, 
grassland, established turf, grass seed, crops, 
orchard (Pome and stone fruit) cranberries. 
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Phytotoxicity 
Compatibility 
asparagus, sugarcane, rice, forestry and non-crop 
land (including areas adjacent to water). Control 
of the broad leaved aquatic weeds. 
Phytotoxic to most broad leaved crop especially 
cotton, vines, tomatoes, ornamental fruit trees, oil 
trees, oil seed rape and beet. 
Depends upon the particular formulations 
Mammalian toxicity 
Acute oral toxicity for rats 
Inhalation 
NOEL 
Ecotoxicity 
Environmental fate 
639-764 
LC50 (24 hr) for rats > 1.79mg/kg 
Rat and mice Img/kg b.wt. 
Fish, some formulations (e.g. esters) are toxic to 
fish, while others are not. LC50 (48 hr) for 
rainbow trout l.lmg/1; Daphnia EC50 (2Id) 
235mg/l 
In rats following oral administration elimination 
is rapid and mainly as the unchanged substance 
following single doses of up to 10mg//kg, 
excretion is almost complete after 24 hr although 
with higher doses complete elimination takes 
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longer. The maximum concentration in organs is 
reached after 12 hr. 
Reviews 
Environmental Health 
Target plants 
Mode of action 
Method of application 
Toxicity class 
Seller (1978) 
Criteria 84 (WHO, 1984) 
Garabrant and Philbert (2002) 
2,4,-D is used to control broad leaf weeds, grasses 
and other monocots, woody plants, aquatic weeds, 
and non-flowering plants. 
2,4-D is a plant-growth regulator, that stimulates 
nucleic acid and the protein synthesis and affects 
enzyme activity, respiration and cell division. It is 
absorbed by plant leaves, stems, and roots and 
moves throughout the plant. It accumulates in 
growing tips. 
Aerial and ground spraying, lawn spreaders, cut 
surface treatment, foliar spray basal spray; 
injection. 
EPA II (Moderately toxic compound) 
WHO II (Moderately hazardous) 
lARC 2B (Possibly carcinogenic to human) 
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Toxicological Profile of 2,4-D 
2,4-D belonging to chlorophenoxy group, is a white to yellow crystalline odorless 
powder. It is noncombustible solid but may be found in inflammable liquids. This 
class of herbicide has been in extensive use, uninterrupted since 1947 in agriculture 
for broad leaved weeds and in the control of woody plants and in reforestation 
programs. The most notable use of these compounds was seen in defoliant use of the 
50-50 mixture of the n-butyl esters of 2,4-D and 2,4,5-trichlorophenoxy acetic acid 
known as 'Agent Orange' (because of the orange stripe on the containers) during the 
Vietnam war along with 2,4-D known as Agent White (Bronstein and Sullivan, 1992). 
In plants this chemical mimics the action of auxins, hormones chemically 
related to indoleacetic acid that stimulates growth. No hormonal activity is observed 
in mammals and others species, and beyond target, is observed, their mechanism of 
toxic action are poorly understood. Major target organs of 2,4-D toxicity are the 
central nervous system and cardiovascular system (Osterloch et al., 1983). Hervonen 
et al. (1982) reported reversible damage to the endothelial cells of the blood brain-
barrier in rat exposed to 2,4-D. 
Chlorophenoxy compounds have shown to influence the nucleic acid 
metabolism in plants. As a result accumulation of DNA, RNA and proteins was 
observed (Ashton and Crafts, 1973; Corbett, 1974; Loos, 1975; Bender et al., 1976). 
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Neurospora crassa also respond to 2,4-D treatment with a slight increase in DNA 
content (Schroeder et al., 1970). 
2,4-D absorbed onto the DNA can lead to a local denatured site, which could 
then serve as a starting point for the action of RNA polymerase. 2,4-D treated 
soybean hypocotyls show an enhanced RNA and DNA polymerase activity (Holm et 
al., 1970). Plant DNA shows higher hyperchromicity in comparison to E. coli and 
Salmon sperm DNA (Spang and Piatt, 1972). Horse-raddish peroxidase and hydrogen 
peroxide can produce reactive intermediates from 2,4-D and with the loss of the side 
chain only phenolic part of the 2,4-D molecule reacts with sRNA (Bender et al., 
1976), in rat liver cells in fact, this part is found associated with the nuclear fraction 
(Khanna and Fang, 1966). On the other hand, 2,4-D also stimulated the chicken cell 
culture to progress from the Gi to the S phase which was prolonged due to inhibition 
of DNA synthesis, consequently, more cells of treated series showed in S phase 
(Preiss et al., 1972). 
The DNA damage has also been shown by treating cells with various 
concentrations of 2,4-D in the presence of (BudR) or (TdR) as precursor for repair 
processes. Harvested cells reveal more breaks in treated DNA by photolysis (Ahmed 
etal., 1977a,b). 
2,4-D is reported to be rapidly degraded in the environment and its 
carcinogenic potential has shown equivocal conclusion, there are some studies that 
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indicate an increased risk for the development in malignant tumor in exposed people 
(Blair et al., 1990; Hardell et al., 1994) and the UK Advisory Committee on 
Pesticides Evaluation, ACP has highlighted a large number of major data gaps, 
covering human health effects and wider environmental risk. In addition to the 
number and the range of these data gaps, there is continued concern about its long 
term adverse effects on human health and water pollution. 
Antimutagenic agent 
Green tea {Camellia sinensis) 
Taxonomic position: 
Kingdom: 
Division: 
Class: 
Order: 
Family: 
Genus: 
Species: 
Plantae 
Magnoliophyta 
Magnoliopsida 
Ericales 
Theaceae 
Camellia 
sinensis 
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Botanical characteristics 
It is a large shrub with white flowers 
and is indigenous to Asia and China, 
but commercially grown in Africa, Sri 
Lanka, Malaysia and Indonesia. Tea 
belongs to the Camellia family, a 
perennial plant. Its academic name is 
Camellia sinensis, a shrub native to the mountainous southwest region of China. 
Green tea is a type of tea made solely with the leaves of C. sinensis has 
undergone minimal oxidation during processing. Green tea originates from China and 
has become associated with many cultures in Asia from Japan to the Middle East. 
Recently, it has become more widespread in the West, where black tea is traditionally 
consumed. Many varieties of green tea have been created in countries where it is 
grown that can differ substantially due to variable growing conditions, processing and 
harvesting time. Over the last few decades green tea has begun to be subjected to 
many scientific and medical studies to determine the extent of its long-purported 
health benefits, with some evidence suggesting regular green tea drinkers may have 
lower chances of heart disease and developing certain types of cancer (Science News 
201)3). The tea has also been useful for weight loss management. 
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Test Organism 
Rattus norvegicus 
Systematic position 
Kingdom 
Phylum 
Subphylum 
Class 
Order 
Suborder 
Family 
Subfamily 
Genus 
Species 
English Name 
Local name 
Sex 
Breeding interval 
Breeding season 
Number of offspring 
Gestation period 
Animalia 
Chordata 
Vertebrata 
Mammalia 
Rodentia 
Myomorpha 
Muridae 
Murinae 
Rattus 
norvegicus 
Albino Swiss rat 
Moose and chuha (in Hindi) 
Male and Female 
Norway rats may breed up to 7 times per year 
Breeding occurs year round, but is less renounced 
during colder months. 
2 to 14; avg. 8 
22 to 24 days 
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Birth Mass 5.81 g (average) 
Age at sexual or reproductive 3 to 4 months 
Maturity female and 3 to 4 months 
Male 3 to 4 months 
Extreme lifespan (captivity) 4 years (Nowak and Paradiso, 1983) 
Average lifespan (wild) 2 years (Parker, 1990) 
Economic Importance: For humans Norway rats are incredible pests to human 
populations. The species plays hosts to a plethora of diseases, 
including Trichia, Typhus, and the Plague. These rats also carry 
bacteria in their saliva that can infect those bitten and cause a 
sickness known as Rat Bite Fever. Norway rats also cause 
billions of dollars per year in the destruction of crops and food 
stores. They also cause fires by chewing electrical wires in 
buildings. (Nowak and Paradiso, 1983; Silver, 1927). 
Economic Importance: Rattus norvegicus is one of the most studied animals in 
science. The species has provided us knowledge to the cures of 
diseases, workings of the brain, and effects of various 
substances on the mammalian body. Norway rats are also very 
important in the pet trade, both as fun companions and as food 
for pets such as snakes. (Barnett, 1963; Calhoun, 1962). 
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Distribution: Norway rats {Rattus norvegicus) are originally native to 
northern China. Following a series of introductions, the species 
had found its way to Eastern Europe by the early eighteenth 
century. By the year 1800, it occurred in every European 
country. Record shows the first sighting of R. norvegicus in the 
New World occur in the 1770's as ship stowaways. Today, 
Norway rats can be found on every continent of the world 
except Antarctica. (Nowak and Paradiso, 1983; Silver, 1927). 
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OBJECTIVES 
The main objectives of the present study are: 
1. Evaluation of genotoxicity of chloroacetic acid (CAA) and 2,4-
dichlorophenoxyacetic acid (2,4-D) on chromosomes of bone marrow cells of 
albino rat, Rattus norvegicus. 
2. To find out the genotoxicity of these chemical compounds on germinal cells 
by using sperm abnormality test. 
3. Evaluation of neurotoxicity of CAA and 2,4-D by some biochemical assays on 
cerebrum, cerebellum and brain stem ofR. norvegicus. 
4. To find out the action of these chemicals on physical activity 
(neurobehavioral) by different methods and parameters on R. norvegicus. 
5. Evaluation of possible antimutagenic (anti-genotoxic and anti-neurotoxic) 
effects of Camellia sinensis leaves extract (aqueous) against CAA and 2,4-D. 
Cytogenetic studies (somatic): Cytological endpoints like chromosomal aberration 
and micronucleus formation are very sensitive genetic assays for detecting genotoxic 
chemicals and environmental mutagens. 
Cytogenetic studies (germinal): Reproduction endpoint i.e. sperm abnormalities is 
also very sensitive genetic assay for detecting genotoxic chemicals and environmental 
mutagens. 
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Neurotoxic studies: To evaluate the antioxidant enzyme activity on different brain 
parts ofR. norvegicus by TSH, GSH, SOD Catalase and LPO for tlie analysis of free 
radicals ions estimation. 
Neurobehavioral studies: To find out the morphological activity as behavior tested 
by the Open field, Elevated plus maze and Rota-rod. 
Antimutagenic studies: Antimutagenic studies with Camellia sinensis (Green tea) 
leaves aqueous extract will be carried out in cytogenetic tests like chromosomal 
aberration test and micronucleus test, sperm abnormalities, and neurobiochemical and 
neurobehavioral tests by simultaneously treatment with the test chemicals. 
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MATERIALS AND METHODS 
Conditioning and Acclimatization 
Adult male R. norvegicus were brought to the lab from J. N. Medical College's 
Animal House, and kept in well-aerated polycarbonate cages with stainless steel 
wire tops under standard conditions (30±2°C, light:dark; 1:1 h cycle). They were 
acclimatized for a week and regularly fed with commercially available sterilized 
feed (Ashirwad Industries, Mohali, Punjab, India) and water ad libitum. Only 
healthy rats 8-lOwk old, weighing around 150±30g were selected for 
experimentation. 
A total of 21 groups were taken and each group comprised six rats. Out of 21 
groups, three groups were taken as control; 
Group.l: normal (tap water). 
Group.2: solvent (methanol for 2,4-D). 
Group.3: positive (cyclophosphamide 2mg/100gm b.wt.) and four groups were 
taken for treatment with a specific concentration of CAA and 2,4-D which are 
given as follows: 
Group.4 and 5: 0.24mg of CAA for one day and seven days. 
Group.6 and 7: O.SOmg of CAA for one day and seven days. 
Group.8 and 9: 0.24mg CAA+50mg/kg GT for one day and seven days. 
Group.lO and 11: O.SOmg CAA + GT 50mg/kg for one day and seven days. 
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Group.l2 and 13: 2,4-D (19.98mg) for one day and seven days. 
Group.l4 and 15: 2,4-D (33.3mg) for one day and seven days. 
Group.l6 and 17: 19.98mg 2,4-D +50mg/kg GT for one day and seven days. 
Group.18 and 19: 33.3mg2,4-D +50mg/kg GT for one day and seven days. 
Group.20 and 21: 50mg/kg of Camellia sinensis also evaluated for one day and 
seven days, simultaneously. 
The rats belonging to either of groups were sacrificed in compliance with ethical 
regulations formulated by the Ethical Committee of the University. 
Stock solution preparation 
2,4-D has low solubility in aqueous medium while CAA and Green tea extract 
easily dissolved in water medium. Details of the preparation of stock solution of 
the test chemicals in methanol and distilled water are as follows: 
Amount of Methanol DDW Water Stock Stock 
Total 
Chemical (ml) (ml) (ml) (ml) per 1ml 
2gm 2,4-D 50 50 50 40mg 
lOOmgCAA - 100 100 Img 
960mg Green Tea - 40 40 24mg 
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Treatment Procedure and sub-lethal concentrations 
Treatment mode was intraperitoneal and sub-letiial concentrations were decided 
on the basis of reported evaluated LD50 values of CAA= 16.6 and 2,4-D= 666 
mg/kg b. wt. in rat (JIHTAB, 1949; Cart Wright, 2003). Sub-lethal concentrations 
were 30 and 50% of LD50 values of CAA and 2,4-D chemicals were used in this 
study. The doses 0.24mg, 0.80mg/100g b. wt. (C, and C2) of CAA and 19.98 mg, 
33.3/lOOg b. wt. (Di and D2) of 2,4-D were administered intraperitoneally, which 
were decided after conducting a few pilot experiments. Bone marrow, brain and 
blood were collected, the cells and tissue were evaluated in each group at different 
intervals (1^ and 7 day), for the sperm analysis epididymis was also examined at 
r ' week of the post-administration, respectively by taking six rats belonging to a 
particular group. On the other hand for ameliorative potential. Camellia sinensis 
(CS) was used as an antimutagen against these chemical compounds orally 
(50mg/kg). Simukaneously, negative control (tap water), solvent control 
(methanol for 2,4-D), and positive control (2mg cyclophosphamide /lOOg) were 
also maintained for comparative analysis of the cytogenetic data. 
Aqueous extraction 
The green tea leaves were procured from an authorized dealer and identified by a 
pharmacognist for the authentication. The dried lOOgm leaf powder refluxed with 
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750ml of DDW for 5 hours at 75-80°C, cooled and filtered. The solvent was 
removed under reduced pressure to get product. The yield of the extract was 7% 
(w/w) in term of dried starting material. The residue was stored in the refrigerator 
until further use. 
PROTOCOL FOR CHROMOSOME PREPARATIONS 
Test organism and solutions: 
Rat: Rattus norvegicus (a total of 138). 
Chemicals: 1. 2,4-Dichlorophenoxyacetic acid (2,4-D) 
LD50 value 666mg / kg b.wt., of rat. 
2. Chloroacetic acid (CAA) 
LD50 values of 16.6 mg / kg b.wt. of rat 
Duration: after 1 and 7 consecutive days 
Type of treatment: Intraperitoneal (CAA and 2,4-D) & oral (C. sinensis) 
Important chemicals and solutions 
Colchicine 
Cyclophosphamide 
Potassium chloride 
Methanol 
Glacial acetic acid 
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• Giemsa 
• Xylene 
• DPX 
Experimental design 
The method of Preston et al. (1987) was followed and following steps were 
considered: 
A lot of 138 rats were divided into four experimental and normal control groups. 
• Normal group consisted of negative, solvent and positive. 
• Exposed group consisted of a total 96 rats, 48 each CAA and 2,4-D; 12 for C. 
sinensis. 
• At the end of each specific interval (after 1 and 7 days, consecutively), 6 rats 
per duration from exposed group were sacrificed and immediately dissected to 
take out both the femurs for cytogenetic processing. 
• The same practice was followed for the C. sinensis and controls. 
Chromosomal preparations 
The technique of Preston et al. (1987) was followed for the preparations of 
chromosomes. In mammals, bone marrow is heamatopoietic and mitotically highly 
active, so this tissue was used for chromosomal preparations. 
• The test chemicals were injected into the mice intraperitoneally. 
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• After r ' and 7 days exposure, the specimens were administered with a freshly 
prepared colchicine solution 4mg/kg of body weight. 
• Two hours after the injection the femurs were taken out, and thoroughly 
cleaned by removing the muscular tissue. 
• Immediately after, the bone marrow was flushed out with 5ml of 0.75M KCl, 
which was pre-incubated for 37°C for 90 min. 
• The suspension was properly homogenized and incubated at 37°C for 20 min. 
• The suspension was centrifuged for 5 min at 1000 rpm, and supernatant was 
discarded and the pellet was saved. 
• Freshly prepared 3ml of Cornoy's fixative (aceto: alcohol; 1:3) was added to 
the pellet and centrifuged again. The process was repeated twice by adding 
freshly chilled fixative for dissolving the saved pellet. 
• The slides were washed in pre-chilled 70% ethanol. 
• Slides were prepared by letting 2-3 drops of a solution containing the cell 
suspension fall onto the slides. 
• Immediately thereafter the fixative was burned off using the flame dry 
technique. 
• The slides were stained with 5% Giemsa for 20 to 25 min. 
• All the slides were made permanent by cleaning in Xylene. 
• Mounted in DPX. 
• Well-separated and extended chromosomes were obtained. 
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Microscopic observations and photomicrographs: 
Well-spread and stained slides, including those of controls, were independently 
coded before microscopic analysis. Three hundred metaphases per duration in each 
concentration of both chemicals were analyzed under light microscope. Well spread 
metaphases were first selected under low and higher magnification according to the 
following criteria: 
•> Complete number of centromeres. 
<• Fully aligned chromatids. 
• No centromere splitting. 
••• No extensive overlap of chromosomes. 
• Good fixation and staining. 
• Metaphase spread in a circle was predominantly selected but those in which 
several chromosomes were scattered outside the metaphase were excluded. 
• Metaphase with many overlapped chromosomes, indistinct shape, those 
covered with debris, or staining precipitate were also excluded. 
• In observation under high magnification, metaphase which lacking three or 
more chromosomes from the modal chromosome number were excluded. 
••• The analysis of the slides for chromosomal aberrations and photography was 
done with a Nikon microscope equipped with inbuilt camera at 400X and 
lOOOX magnification. 
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Micron ucleUS preparation 
The method of Schmid (1975) was followed. 
Important chemicals and solutions 
Fetal bovine serum 
Methanol 
Giemsa 
Xylene 
DPX 
Experimental design 
The method of Schmid (1975) was followed and following steps were considered: 
Bone marrow was used for the preparation as it is heamatopoietic tissue with high 
turn over cells. 
The test chemicals were injected into the rats intraperitoneally. 
After specific time intervals the specimens were sacrificed. 
Femur were dissected out and cleaned by removing the muscular tissue. 
The bone marrow was flushed out with fetal calf serum. 
The suspension was properly homogenized. 
Then the suspension was centrifuged for 5 min at 1500 rpm and the 
supernatant was discarded completely. 
• Pellet was saved. 
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Slide preparation 
A small drop of cell suspension was placed on one end of a dry clean slide. The 
cells were evenly spreaded by smearing the droplet of cells onto the slide. Slides 
were dried overnight and fixed with absolute methanol for five minutes. 
• Then the slides were stained with 5% Giemsa for 20 min 
• The slides were rinsed in distilled water and air dried 
• The slides were dipped in Xylene 
• Mounted in DPX 
Scoring 
Many slides were sorted based on the quality of staining, coded and scored blindly. 
A total of about 1000 bone marrow cells per animal were examined, 6000 cells 
scored for each group. Micronuclei were scored under light microscope (Nikon 
E200) at 40 and lOOX objective and lOX magnification. The right area was chosen 
for scoring where erythrocytes were well separated, not folded, and clearly 
contoured. 
Sperm preparation -r^ Q X P Q 
Important chemicals and solutions 
• Sodium chloride 
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• Phosphate buffer solution 
• Giemsa 
Slide preparation: 
For Total sperm abnormality 
Slide preparation of sperm and staining were done according to Wyrobek and 
Bruce, (1975) to analyze the sperm abnormalities induced by the test compounds. 
• For sperm collection, the caudae epididymides were dissected out at different 
time intervals 
• Placed in a large petri dish containing 0.9% saline 
• Diced with the scissor 
• After dicing the suspension was gently pipetted and slides were prepared by 
making smear on it 
• Stain with 7% Giemsa for 10 minutes 
• Per animal test model 200 sperms were scored. The sperms with sperm-head 
and other abnormalities were categorized, wherever possible according to 
Wyrobek and Bruce, 1975 
Biochemical Tests: 
The animals were sacrificed after the ingestion of CAA, 2,4-D and green tea with 
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or without these chemicals at different time intervals by cervical dislocation and 
immediately the brains were taken out on ice and cerebrum, cerebellum and brain 
stem were separated and used for biochemical estimations. 
Lipid peroxidation 
Lipid peroxidation (LPO) was determined by using the method of Okhawa et al. 
(1979). 
Principle 
Acetic acid detaches the lipid and protein of the tissue. The protein in the reaction 
mixture is dissolved by the addition of sodium dodecyl sulphate (SDS). 2-
Thiobarbituric acid (TBA) reacts with lipid peroxide, hydroperoxide and oxygen 
labile double bond to form the color adducts with absorption maximum at 532 nm. 
Chemicals and reagents 
• 0. IM phosphate buffer (pH 7.4) 
• Sodium dodecyl sulphate (8.1%) 
• Acetic acid (20%) (pH 3.5) 
2-Thiobarbituric acid (0.8%) 
[800 mg of TBA was suspended in 20 ml double distilled water and the pH 
was adjusted to 7.0 by 0.1 N NaOH. This TBA was dissolved and volume 
was adjusted to 100 ml with distilled water]. 
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• n-Butanol 
• Pyridine 
Procedure 
Briefly the reaction mixture consisted of volume of 0.2 ml of 8.1% sodium 
dodecyl sulphate (SDS), 1.5 ml of 20% acetic acid (pH 3.5) and 1.5 ml of 0.8% 
aqueous solution of thiobarbituric acid and 0.2 ml of brain homogenate. The 
mixture was made up to 4 ml with distilled water and heated at 95°C for 60 min. 
After cooling with tap water, 5 ml of n-butanol and pyridine (15: 1, v/v) and 1 ml 
of distilled water were added and centrifuged. The organic layer was separated out 
and its absorbance was measured at 532 nm using UV-visible spectrophotometer 
and MDA content was expressed as n mol/mg protein. An appropriate standard 
made up of malondialdehyde (MDA) 2.5n mol was run simultaneously. 
Calculation 
Standard absorbance of malondialdehyde (2.5 n mol) was used to calculate the 
amount of lipid peroxide in the samples and results were expressed as n mole of 
MDA/ mg protein. 
Total sulfhydryl group (T-SH) 
The estimation of total sulfhydryl group was done by the method of EUman 
(1959). 
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Principle 
5-5'-dithiobis-(2-nirobenzoic acid) (DTNB) is reduced by -SH groups of 
glutathione (GSH) in alkaline medium to produce one mole of 2-nitro-5-
mercaptobenzoic acid per mole of -SH group. The anion (2-nitro-5-
mercaptobenzoic acid) has an intense yellow color, it can be used to measure -SH 
group at 412 nm. 
Chemicals and reagents 
• Standard solution of 2 x 10"^ M of Reduced glutathione was prepared by 
dissolving 6.146 mg GSH in 10 ml of 0.1 M phosphate buffer (pH 8.4) 
• 0.1 M Phosphate buffer (pH 7.4) 
• 0.1 M Phosphate buffer (pH 8.4) 
• 0.01 M 5-5'-dithiobis-(2-nirobenzoic acid) 
• 0.0 IM solution of 5-5'-dithiobis-(2-nirobenzoic acid) was prepared by 
dissolving 0.009 mg DTNB in 25 ml of absolute alcohol 
• Methanol 
Procedure 
Different parts of the brain were homogenized in chilled 0.1 M Phosphate buffer 
(pH 7.4) and the volume was adjusted to give a 10% (w/v) homogenate. In 0.1 ml 
of brain homogenate, 2 ml of phosphate buffer (0.1 M, pH 8.4) and 0.5 ml of 
DTNB were added. The mixture was shaken and made to 10 ml with 7.3 ml of 
absolute methanol. The reaction mixture was centrifuged at 6000 x g for 5 min in 
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cold. The absorbance of the clear supernatant was read at 412 nm. A calibration 
curve with different concentrations of GSH (100-600 |i moles) was obtained 
according to the same procedure as described above. 
Calculation 
Total -SH group in the samples were calculated using the calibration curve and 
the results were expressed as fi moles/g tissue. 
Free sulfhydryl group (GSH) 
Free sulfhydryl group was measured according to the method of EUman (1959). 
Principle 
5-5'-dithiobis-(2-nirobenzoic acid) (DTNB) is reduced by -SH groups of 
glutathione (GSH) in alkaline medium to produce one mole of 2-nitro-5-
mercaptobenzoic acid per mole of -SH group. The anion (2-nitro-5-mercapt-
benzoic acid) has an intense yellow color, it can be used to measure -SH group at 
412 nm. 
Chemicals and reagents 
- Standard solution of 2 x 1 O^ M^ of GSH was prepared by dissolving 6.146 mg 
GSH in 10 ml of 0.1 M phosphate buffer, pH 8.4 
- 0.1 M Phosphate buffer (pH 7.4) 
• 0.1 M Phosphate buffer (pH 8.4) 
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0.01 M 5-5'-dithiobis-(2-nirobenzoic acid) 
10% Trichloroacetic acid 
Procedure 
Brain parts were homogenized (10% w/v) in chilled 0.1 M phosphate buffer (pH 
7.4). 1.0 ml brain (10%) homogenate was deproteinized by adding 1.0 ml of 10% 
TCA and centrifuged at 6000 x g for 5 min to separate the proteins. In 0.1 ml of 
this supernatant 2 ml of phosphate buffer (0.1 M, pH 8.4), 0.5 ml of DTNB and 
0.4 ml of DDW were added. The mixture was vortexed and absorbance was read 
at 412 nm within 15 min. A calibration curve with different concentrations of GSH 
(100-600 fi moles) was drawn by the same procedure as described above. 
Calculation 
Free -SH group in the samples were calculated using the calibration curve and the 
results were expressed as ji moles/g tissue. 
Superoxide dismutase 
SOD activity was measured by the method of Nandi and Chatterjee (1988). 
Principle 
SOD principle depends upon auto-oxidation of pyrogallol. 
Pyrogallol + O2 
2O2' + 2H^ 
-> oxidation product + O2 (i) 
-> O2 + H2O2 (ii) 
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Chemicals and reagents 
0.1 M phosphate buffer (pH 7.4) 
0.05 M phosphate buffer (pH 8.5) 
• 8mM pyrogallol 
Procedure 
Different parts of brain were homogenized in a proportion of 1:10 (w/v) ice cold 
phosphate buffer (0.1 M phosphate buffer, pH-7.4). The homogenates were 
centrifuged for 60 min at 10,000 x g at 4°C. 0.05 ml of clear supernatant was 
added to 2.85 ml of 0.05 M phosphate buffer (pH 8.5), mixed well and incubated 
at 25°C for 20 minutes. The reaction was started by adding 0.1 ml of 8mM 
pyrogallol solution. The contents were shaken well and change in OD/ minute was 
immediately recorded for 3 minutes at 420 nm. A reference set consisting of 0.05 
ml of DDW instead of the sample solution (clear supernatant) was also run 
similarly. 
Calculation 
(A/min ref - A/min. sample) x30 
SOD= units/lOmg tissue 
(A/min ref /2 x 0.05 x 1 
Where, 
A/min ref = change of OD/min in ref set. 
A/min sample = change of OD/ min in sample set. 
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Activity unit 
One unit of the enzyme is defined as the amount of enzyme which causes a 50% 
inhibition of pyrogallol auto-oxidation under assay conditions. 
Catalase 
Catalase (CAT) activity was measured by the method of Aebi (1984). 
Principle 
It catalyzes the following reaction: 
2H2O2 • 2H2O + O2 
In the UV range, H2O2 shows a continual increase in absorption with decreasing 
wave length and maximum at 240 nm. The decomposition of H2O2 can be 
followed directly by the decrease in extinction at 240 nm (E 240 = 40 cm /)LI 
mole). The difference in extinction (E 240) per unit time is the measure of the 
catalase activity. 
Chemicals and reagents 
• 0.05 M phosphate buffer (pH 7.0) 
• 0.03 M Hydrogen peroxide 
[0.34 ml of 30% H2O2 was diluted to 100 ml with phosphate buffer]. 
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Procedure 
Briefly 0.1 ml of supernatant was added to a cuvette containing 1.9 ml of 0.05M 
H2O2 phosphate buffer (pH 7.0). The reaction was started by the addition of 1 ml 
of freshly prepared 0.03M H2O2. The rate of decomposition of H2O2 was measured 
spectrophotometrically by changes in absorbance at 240 nm after every 30 seconds 
for 3 minutes. 
Frotein 
Protein estimation was done by the method of Lowry et al (1951). 
Principle 
The method is based on the color reactions of amino acids-tryptophan and 
tyrosine with Folin phenol reagent. Due to the reaction of these amino acids with 
phosphomolybdic acid and the phosphotungstic acid (present in Folin's reagent) a 
blue color was formed. The color is the resuk of reduction of phosphomolybdic 
acid and biuret reaction of proteins with Cu ions in alkaline medium O.D. was 
read at 625 nm. 
Chemicals and reagents 
1. Standard solution: 
A standard solution of 1.0 mg BSA / ml was prepared. Stock standard was 
diluted ten times to get the working standard of lOOj^ g / ml. 
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2. Copper reagent 
Reagent A: 4% Sodium carbonate in Double distilled water (DDW) 
Reagent B: 2% Copper sulphate in DDW 
Reagent C: 4% (w/v) Sodium potassium tartarate in DDW 
[Alkaline Copper Reagent: 1.0 ml of reagent B + 1.0 ml of reagent C + 48 ml 
of reagent A were mixed in the same sequence] 
3. Folin-Ciocalteau Phenol reagent: 2 N solution obtained commercially was 
diluted 1:1 with DDW before use 
Procedure 
In 1 ml of tissue homogenate 5 ml of DDW was added and 0.1 ml of the aliquot 
was taken in the test tubes from this solution and the volume was increased up to 
1.0 ml with DDW. To this, 5.0 ml of Copper reagent was added and shaken 
thoroughly on a cyclo-mixer. After 10 min, 1.0 ml of Folin-Ciocalteau reagent 
was added and then blue color was developed. O.D. was read at 625 nm exactly 
after 30 minutes. Standard protein solution (BSA 20-lOO^g) and blank were run 
simultaneously. 
Calculation 
Protein in the samples was calculated using the standard curve of BSA and the 
results were expressed as mg / g weight of wet tissue. 
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Behavioral tests: 
Elevated plus maze test 
This test has been proposed for selective identification of anxiolytic and 
anxiogenic drugs. Elevated maze test was performed by the method of 
Montgomery (1958). The elevated plus maze consisted of two open arms and two 
enclosed arms, 50x40x40 cm with an open roof, assayed so that the two arms are 
opposite to each other. The maze was elevated to a height of 50 cm. 
After treatment with every group, the rats were placed in the centre of the 
maze, facing one of the enclosed arms. During five minute test period, following 
parameters were measured: 
• Number of open arm entries 
*•• Number of closed arm entries 
^ Time spent on open arms 
't* Time spent on close arms 
• > 
Subsequently, the percentages of open arm entries and time spent on open 
arms were calculated from open arm entries and time spent on open arms divided 
by total number of entries in both open and closed arms and time spent on open 
arm exploration divided by total time spent in both open and closed arms, 
respectively. The procedure was conducted in sound attenuated room. 
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Open field test 
Locomotor activity was quantified for five minutes in an open field. It consisted of 
a square arena 96x96 cm with 60 cm high walls. The walls and the floor were 
painted white. The floor was divided in to 16 squares by parallel and intersecting 
color lines (Bhattacharya and Satyan, 1997). Four squares defined as the centre 
and the 12 squares along the walls as the periphery. Rats were placed in the centre 
of open field and following step were observed during a five minute exposure 
period for both control and treated animals: 
••• Ambulation 
• Preening and 
• Rearing 
Rota-rod 
The apparatus consists of horizontal metal rod coated with rubber with 3 cm 
diameter attached to a motor with the speed adjusted to 10 rotations per minute. 
The rod was 75 cm in length and divided into 4 section by a metal discs, thereby 
allowing the simultaneous testing of four rats. The rod was in a height of about 50 
cm above the table top in order to discourage the animals from jumping off the 
roller. 
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Only those animals which demonstrated their abiUty to remain on the 
revolving rod for at least 1 minute were used for test. The test compounds were 
administered intraperitoneally while protective agent via oral. Thirty minutes after 
intraperitoneal and 60 min after oral administration, the rats were placed for 3 
minute on the rotating rod. The number of animals falling from the roller during 
this time was counted. 
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RESULTS 
The present study evaluated the micronucleus test (MNT), chromosomal 
aberration (CA), sperm abnormalities (SPA) as the end-points of genetic toxicity. 
Biochemical tests, lipid peroxidation (LPO), catalase (CAT), superoxide 
dismutase (SOD), total sulfhydryl group (TSH) and reduced glutathione (GSH) 
were evaluated, to demonstrate the action of chloroacetic acid (CAA) and 2,4-
dichlorphenoxyacetic acid (2,4-D) on brain parts i.e., cerebrum, cerebellum and 
brain stem in Rattus norvegicus. Behavioral tests were also examined to check the 
effect of these chemicals on their behaviors by employing open field test (OFT), 
elevated plus maze (EPM) and rota rod (RR) in R. norvegicus. 
Other part of this study was a very important aspect, that to ameliorate or 
suppress the chemical activity on bone marrow cells, different parts of brain tissue 
and on behavior also, by employing all the above parameters. Aqueous leaves 
extract of Camellia sinensis (green tea) was used as an antimutagen, anti-
neurotoxicant, antioxidant, anxiolytic and for antidepressant activity in R. 
norvegicus when induced as combination with the chemicals and alone. 
The optimal time of sacrificing the animal was the least and peak time 
exposure of post-administration, which was decided after conducting a few pilot 
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experiments, two sub-lethal doses were chosen for CAA and 2,4-D according to 
their LD50 values. 
Rats were treated in two different doses of both the chemicals 
consecutively at after 1 and 7 days time intervals, and the doses have been 
depicted as Ci, C2 for CAA and Di, D2 of 2,4-D in the increasing order of the 
concentrations. For per lOOg body weight Ci was 0.24 mg for CAA and D| was 
19.9 mg for 2,4-D (30% of their LD50); C2 was 0.80 mg for CAA and D2 was 33.3 
mg for 2,4-D, (50% of LD50) for both the chemicals. 
Micron ucleus assay 
Release of micronuclei (MN) as mutagenic effects of CAA and 2,4-D using 
various doses have been summarized in Table-1. The results demonstrated 
microscopic analysis of changes in frequency of MN induced by various 
concentrations of CAA and 2,4-D in rat bone-marrow cells. Intraperitoneal 
administration of both compounds displayed an induction of MN and that was 
significant with CAA and 2,4-D in different manner {P<0.05). Chemically induced 
formation of MN was detectable after 1 and 7 consecutive days treatment, 
respectively. 
Mutagenic effects of CAA and 2,4-D were evaluated after 1 and 7 days in 
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rat-group that received different doses. The doses (C1-C2 and D1-D2) of both 
chemicals were as detailed above in the first paragraph. Typical results (plates) of 
micronucleated polychromatic erythrocytes (MNPCEs) formation at C1-C2 of CAA 
and Di, D2 of 2,4-D are shown in Fig. 5. Table-1 and 2 are based on the data 
collected by counting MN from plates similar to those shown in Fig.5. At all dose 
levels, the frequency of MN in polychromatic erythrocytes (PCEs) induced by 2,4-
D was found consistently elevated, the maximum value of 4.47±0.5 mean/1000 
PCEs after 1 day, 4.35±0.6 and 8.24±0.9 mean/1000 PCEs at V"" day were 
recorded for D| and D2, respectively (Fig. 7), while the maximum values for CAA 
treated rats were 3.05±0.3 after 1 day and 5.68±0.6 after 7 days mean/1000 PCEs 
as compared to that of the control 0.99±0.1 mean/1000 PCEs (Fig. 6). There was a 
dose and duration-dependent increase in the formation of MNPCEs, which was 
lowest after 1 and higher after 7 consecutive days of the treatment of both 
chemicals (P<0.05). 
Aqueous leaves extract of C sinensis suppressed the effect of these 
chemicals and made a significant reduction as compared to treated animal groups. 
Single concentration of C. sinensis (50mg/kg) reduced the MN frequency 
significantly (P<0.05) in simultaneous treatment with CAA and 2,4-D. The 
reduction profiles by the concentration of C. sinensis with CAA were estimated as 
1.28±0.2, 1.85±0.3 mean/1000 PCEs after 1 day, 1.65±0.2 and 3.87±0.5 mean 
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/1000 PCEs at 7'*' day (Table-1; Fig. 6), with 2,4-D was 1.49±0.2, 2.52±0.3 
mean/1000 PCEs after 1 day, the highest reduction of exposure was recorded by 
the frequency of 2.12±0.3 and 5.11±0.6 mean/1000 PCEs (Table-2; Fig.7) at f' 
day as compared to 4.47±0.5 and 8.24±0.9 mean/1000 PCEs of 2,4-D alone 
(P<0.05). 
Chromosome aberration assay 
The presented data in Table-3 and 4 indicate that CAA and 2,4-D are both 
cytotoxic and clastogenic. Typical micrographs of the results obtained on bone 
marrow chromosome (BMCh) of R. norvegicus intraperitoneally injected with 
sublethal doses of CAA and 2,4-D are shown in Fig. 8, which displayed all types 
of chromosomal / chromatid aberrations (CAs), including breaks, gaps, rings, 
acentric fragments, exchanges, stickiness, and pulverization, recorded during the 
present investigations. The dose- and time dependent total CAs are summarized in 
Table-3 and 4. There was a significant increase (P<0.05) in aberrations observed 
as 4.33±0.6, 8.52±0.9 mean (%) total aberrations after 1 day treatment of 2,4-D 
only. While, CAA treatment for 1 day was 2.80±0.3, 3.41±0.2 mean (%) total 
aberrations and after 7 day resulted in a definite increase in total aberrations 
3.60±0.4, 6.22±0.7 mean (%) total aberrations, the values were higher than control 
but significant only after 7 days of exposure of CAA (Fig. 9). 
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Table-3 and 4 based on the data revealed that the effect of 2,4-D on R. 
norvegicus was not similar to that observed for CAA. Highest aberrations were 
recorded after 1 and ?"' day for 2,4-D. A maximum 8.00±0.9 and 12.76±0.9 mean 
(%) total aberrations frequencies of aberration was recorded (Fig. 10) in 2,4-D 
treated groups as compared to 3.41±0.3 and 6.22±0.7 mean (%) total aberrations 
of CAA after 1 and 7 consecutive days showing irrelative effectiveness. No 
significant difference was observed in controls. 
Similar to MN amelioration, C. sinensis showed its preventing action on in 
vivo CAs to reduce the chemicals efficacy on bone marrow cells at both, 1 and 7 
days. The reduction profiles on CA by the concentration of C sinensis with CAA 
were estimated as 1.95±0.2, 2.21±0.3 mean (%) total aberrations after 1 day, 
2.48±0.3 and 4.39±0.5 mean (%) total aberrations for CAA after 7"' day (Table-3; 
Fig. 8), the highest reduction of exposure was recorded by the frequency of 
2.11±0.3, 4.48±0.6 mean (%) total aberrations after 1 day and 5.95±0.6, 7.96±0.7 
mean (%) total aberrations (Table-4; Fig. 9) after 7 days as compared to CAA and 
2,4-D alone, respectively (P<0.05). 
Sperm abnormality assay 
A variety of abnormal sperm morphology recognized were banana shaped, dwarf, 
triangular, bookless, beak, giant and amorphous head types and both of the 
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chemical caused the formation of folded, coiled, bent and double-tailed sperm. 
Incidence of abnormal sperms were found elevated by both chemicals (Fig. 11) (P 
< 0.05). In rats treated with CAA and 2,4-D, maximum incidence was seen after 7 
days. The maximum frequency 5.08±0.6 mean (%) total SPA was observed at 7^ ' 
day of CAA (Table-5; Fig.l2), while 2.40±0.5 and 6.73±0.7 mean (%) total SPA 
were observed after 1 and 7"^  day of 2,4-D administration (Table-6; Fig.l3). After 
day one the effectiveness was almost undersized by both of the chemicals. Besides 
these alterations many sperms tails appeared in smear of treated rats with detached 
heads. While the prevention of C. sinensis showed a decrease in total sperm 
abnormalities with all dose levels but significant reduction was observed as 
2.64±0.4 mean (%) total SPA of CAA and 2.84±0.3, 3.04±0.5 mean (%) total SPA 
of 2,4-D after 7 days treatment along with C. sinensis. 
Lipid peroxidation 
The malondialdehyde (MDA) is a marker of lipid peroxidation (LPO) and the 
level of MDA decides the rate of LPO in the different body tissues and organelles. 
During present study, the level of MDA showed difference in comparison of 
control with CAA treatment which increased the rate of LPO onto cerebrum 
6.86±0.5, 8.78±1.0 n mol/mg protein, cerebellum 5.89±0.5, 7.95±0.8 n mol/mg 
protein and brain stem 4.67±0.4, 6.76±0.6 n mol/mg protein after 7 days. Similar 
trend was followed by 2,4-D as the higher elevation was in cerebrum 7.99±0.6, 
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9.96±0.8 n mol/mg protein, then cerebellum 7.21±0.5, 9.08±0.7 n mol/mg protein 
and least in brain stem 6.21±0.4, 7.59±0.6 n mol/mg protein. The significant 
difference was observed only after 7 days of exposure by both chemicals but the 
rate of LPO was higher in 2,4-D than CAA (Table-7 and 8; Fig. 14-15). The MDA 
level decreased when C. sinensis was used simuhaneously with CAA or 2,4-D, a 
significant diminution in the LPO rate was observed in cerebrum 6.91±0.8, 
7.55±0.7 n mol/mg protein, cerebellum 5.89±0.6, 7.26±0.5 n mol/mg protein and 
brain stem 4.95±0.4, 5.21±0.3 n mol/mg protein with CAA and 2,4-D. 
Catalase 
The presented data in Table-9 and 10 indicate that CAA and 2,4-D decreased the 
catalase activity into studied brain parts (Fig. 16-17). The higher decrease was 
observed by 2,4-D in cerebrum 2.28±0.2 unit/mg protein, then cerebellum 
1.46±0.1 unit/mg protein and lowest in brain stem 0.98±0.1 unit/mg protein. Same 
order was followed by CAA in cerebrum 3.15±0.3, cerebellum 2.06±0.1 and in 
brain stem 1.49±0.1 unit/mg protein. C. sinensis suppressed the chemical activities 
and created a significant rise in cerebrum 3.72±0.3, 4.10±0.3, cerebellum 
2.45±0.2, 2.91±0.2 unit/mg protein and in brain stem 1.82±0.2, 2.01±0.2 unit/mg 
protein, when used simultaneously with 2,4-D and CAA, respectively. 
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Superoxide dismutase 
SOD activity also decreased by the action of CAA and 2,4-D in the examined 
parts of rat brain (Table-11-12; Fig. 18-19). A decrease was observed by CAA in 
cerebrum 4.26±0.5, 3.93±0.4 unit/mg protein, cerebellum 4.02±0.3, 2.96±0.3 and 
in brain stem 3.05±0.3, 2.38±0.3 unit/mg protein significantly {P < 0.05). 2,4-D 
also showed its effectiveness in cerebrum 4.18±0.4, 3.56±0.4, cerebellum 
3.85±0.4, 2.58±0.3 and in brain stem 2.90±0.3, 2.04±0.2 unit/mg protein after 7 
days exposure. C. sinensis reduced the chemical activities and increased the SOD 
level significantly in cerebrum 5.00±0.4, 4.56±0.4; 5.12±0.5, 4.44±0.4 unit/mg 
protein, cerebellum 4.79±0.3, 4.08±0.3; 4.64±0.4, 4.10±0.4 and in brain stem 
3.66±0.3, 3.11±0.3; 3.58±0.3, 3.02±0.3 unit/mg protein as compared to control 
value, when used simultaneously with CAA and 2,4-D. 
Total sulfhydryl group 
CAA and 2,4-D inhibited or reduced the TSH activity in these brain parts of rat 
(Table-13-14; Fig. 20-21). CAA showed its reducing nature in cerebrum 2.75±0.6 
|i mol/g tissue, cerebellum 2.06±0.4 \i mol/g tissue and in brain stem 1.96±0.3 |i 
mol/g tissue when applied alone, while 2,4-D acted as a strong oxidizing agent and 
decreased the activation in cerebrum 2.12±0.2 |i mol/g tissue, cerebellum 1.96±0.1 
and in brain stem 1.78±0.2 |i mol/g tissue significantly (P<0.05) after 7 days 
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exposure, when induced alone. On the other hand, C. sinensis reduced the 
chemical action on brain parts with the increment of the activation significantly in 
cerebrum 3.84±0.4, 3.90±0.4 i^ mol/g tissue, cerebellum 3.10±0.4; 3.01±0.3 [i 
mol/g tissue and in brain stem 2.62±0.3; 2.48±0.2 ji mol/g tissue {P < 0.05), when 
used simultaneously with CAA and 2,4-D. 
Reduced glutathione 
GSH level was decreased or reduced by CAA and 2,4-D both, respectively in 
different parts of brain in rat (Table-15-16; Fig. 22-23). CAA showed the 
decreased levels in cerebrum 2.27±0.3 n mol/g tissue, cerebellum 1.57±0.4 and in 
brain stem 1.23±0.3 |U mol/g tissue when applied alone, after 7 consecutive days 
treatment, while 2,4-D also played an active role to decrease the GSH level in 
cerebrum 1.83±0.3 |i mol/g tissue, cerebellum 0.99±0.2 |i mol/g tissue and in brain 
stem 1.10±0.2 fi mol/g tissue significantly (P<0.05), when induced alone after 7 
day of exposure. After 1 day evaluation there was no higher or significant 
alterations observed in rat. C. sinensis reduced the chemical action on brain parts 
which increased the activation of GSH significantly in cerebrum 3.26±0.4, 
3.01±0.4 fi mol/g tissue, cerebellum 2.71±0.2; 2.20±0.3 \i mol/g tissue and in 
brain stem 2.00±0.2; 1.79±0.2 \i mol/g tissue when used simultaneously with CAA 
and 2,4-D {P < 0.05). C. sinensis reduced the chemical efficacy in all treated 
groups after 1^ ' and 7' day, no change was observed when induced alone. 
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Behavioral tests: 
Elevated plus-maze 
A single five minute exposure to the elevated plus-maze test (EPM) of anxiety was 
evaluated to examine the effect of CAA and 2,4-D in R. norvegicus (Table-17-18; 
Fig. 24-25). Table-17 based on data revealed that CAA showed a significant 
reduction on open arm entries 20.3±1.8, 18.6±2.0 mean (%) entries and time spent 
in open arms 15.6±1.0, 13.4±2.4 mean (%) (time in second) when compared to 
control 28.3±3.8; 21.0±2.1 mean (%) (time in second) after 7 days of treatment 
(/*<0.05). The presented data in Table-18 indicate that 2,4-D decreased the open 
arms entries 19.2±1.46, 15.3±1.3 mean (%) entries and time spent in open arms 
13.7±1.8, 10.9±2.7 mean (%) (time in second) after 7 days exposure of two sub-
lethal doses. Simuhaneous treatment of C. sinensis with CAA and 2,4-D 
significantly increased the open arms entries and time spent in open arms, 
respectively (/*<0.05). 
Open field test 
Open Field test (OFT) was used to assess locomotor and exploratory behavior by 
CAA and 2,4-D for five minute on rats (Table-19-20; Fig. 26-27). CAA showed 
significant reduction in ambulation (A) 40.6±1.5, 28.7±0.7 mean frequency, 
preening (P) 5.66±0.4, 4.33±0.3 and rearing (R) 13.3±0.4, 9.85±0.3 mean 
frequency after 7 days of treatment. 2,4-D also decreased the ambulation 36.6±1.0, 
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25.8±0.9 mean frequency, preening 4.51±0.3, 3.99±0.4 and rearing 11.0±0.2, 
8.65±0.5 mean frequency and showed significant difference when compared to 
control 91.0±11 (A); 8.66±0.8 (P); 23.3±0.5 (R) mean frequency after 7 days of 
treatment {P < 0.05, P < 0.001). But after 1 day of treatment no significant 
changes were observed neither in CAA nor in 2,4-D, respectively. Simultaneous 
treatment of C. sinensis with CAA and 2,4-D significantly increased the A, P and 
R when compared to chemical groups in different manner (P<0.05, P<0.001). 
Rota-rod test 
A three minute exposure on the rota rod test (RR) of neuromuscular impairment 
was examined to evaluate the effect of CAA and 2,4-D in R. norvegicus (Table-
21-22; Fig. 28-29). CAA significantly decreased the standing capacity over the 
roller and spent time was 98.33±12.0 and 71.30±1.85 mean (time in seconds) with 
Ci and Ci after 7 days of treatment {P < 0.05). 2,4-D also reduced the capacity of 
rats on the roller and spent time was 97.00±11.7 and 72.33±2.02 mean (time in 
seconds) for Di and D2 after 7 days consecutive treatment. C. sinensis reduced the 
chemical action and significantly increased the spent time of rats over the roller as 
compared to treated groups (?<0.05), when used simultaneously with CAA and 
2,4-D. C. sinensis did not induce any significant change when applied alone. 
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Fig: 5. Photomicrographs showing normal plate (A) and micronuclcated cells (B) 
in the bone marrow cells of R. nofvegicus treated in vivo by different 
doses of 2,4-D ar<d CAA. 
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Table.l: Micronuclei induction with two sub-lethal doses of CAA in bone marrow cells 
of/?, norvegicus at 1"^ ' and 7' day. 
« 
Exposure 
(Days) 
Chemical Dose (mg/ 
lOOgb. wt.) 
Total scored 
Cells PCEs 
Total no. of 
MNPCEs 
» 
Mean frequency of 
MN(J)perlOOO 
PCEsiS.D. 
• 
1 '^day 
7"^  day 
Cont.i 
Cont.2 
Cont.3 
c, 
C2 
cs 
s, 
S2 
Cont.i 
Cont.2 
Cont.3 
c, 
C2 
CS 
s, 
S2 
-
-
2 
0.24 
0.80 
5.00 
0.24+5 
0.80+5 
-
-
2 
0.24 
0.80 
5.00 
0.24+5 
0.80+5 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
2001 
2900 
2912 
2150 
2942 
2596 
2351 
2698 
2001 
2541 
2560 
2850 
2965 
2895 
2985 
2987 
2 
5 
21 
4 
9 
3 
3 
5 
2 
7 
38 
8 
17 
4 
5 
11 
0.99±0.1 
1.72+0.2 
7.39+1.0* 
1.86+0.2 
3.05+0.3 
1.15+0.2 
1.28+0.2 
1.85+0.3 
0.99+0.1 
2.75+0.3 
14.92+2.1* 
2.80+0.3 
5.68+0.6* 
1.38+0.2 
1.65+0.2 
3.87+0.5* 
Note. Control 1; negative (tap water); Control 2: solvent (methanol for 2,4-D); Control 3: 
positive (cyclophosphamide); Ci, C2= chloroacetic acid; CS= C. sinensis, alone; Si 
and 82= CAA with C sinensis. *Student's ^test, P<0.Q5. 
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Table.2: Micronuclei induction with two sub-lethal doses of 2,4-D in bone marrow cells 
of ^. norvegicus at 1^ ' and 7'^  day. 
Exposure Chemical Dose (mg/ Total scored Total no. of Mean frequency of 
(Days) lOOgb. wt.) Cells PCEs MNPCEs MN (X)perlOOO 
PCEs ±S.D. 
f 
fMay 
7'^  day 
Cont.i 
Cont.2 
Cont.3 
Di 
D2 
CS 
Si 
S2 
Cont.i 
Cont.2 
Cont.3 
D, 
D2 
CS 
Si 
S2 
-
0.2% 
2 
19.98 
33.30 
5.00 
19.98+5 
33.30+5 
-
-
2 
19.98 
33.30 
5.00 
19.98+5 
33.30+5 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
2001 
2900 
2912 
2890 
2458 
2596 
2685 
2379 
2001 
2541 
2560 
2750 
2912 
2895 
2821 
2541 
2 
5 
21 
7 
11 
3 
4 
6 
2 
7 
38 
11 
24 
4 
6 
13 
0.99±0.1 
1.72+0.2 
7.39+1.0* 
2.42+0.2 
4.47+0.5* 
1.12+0.1 
1.49+0.2 
2.52+0.3* 
0.99+0.1 
2.75+0.3 
14.92+2.1* 
4.35+0.6* 
8.24+0.9* 
1.38+0.2 
2.12+0.3* 
5.11+0.6* 
Note. Control 1: negative (tap water); Control 2: solvent (methanol for 2,4-D); Control 3: 
positive (cyclophosphamide); Di, D2=2,4-D; CS= C. sinensis, alone; S| and 82= 
2,4-D with C. sinensis. *Student's Mest, /'<0.05. 
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Cont.l Cont.2 Cont.3 Dl D2 CS SI S2 
Cont.1 Cont.2 Cont.3 Dl D2 CS SI S2 
Figure.7: Dose-duration dependent profile of Micronucleated Polychromatic 
Erythrocytes by 2,4-Dichlorophenoxyacetic acid at T* (A) and f (B) 
day in R. norvegicus. 
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Fig.8: Photomicrographs showing normal chromosomes plate (A) and 
chromosomal abnormalities: A- Acentric chromosome; B- Chromatid 
break; G- Chromatid gap; E- chromatid exchange; R- Ring chromosome; 
S- stickiness; T- Terminal deletion (B and C) in the bone marrow cells 
of R. norvegicus treated in vivo by different doses of chloroacetic 
acid and 2,4-Dich:<)ropr.enoxyacet:c acid. 
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Tabie.3: Incidence of chromosomal aberration with CAA in bone marrow cells of R. 
norvegicus. 
Time (D) Treatment Dose Scored Aberrations X(°/o) frequency of 
(mg/g mitotic Chromatid Chromosomal total aberrations 
b. wt.) Spread 
B G B" G' IVIA 
JS, 
Day 
t^h 
Day 
• 
Cont.i 
Cont.2 
Cont.3 
c, 
C2 
cs 
Si 
S2 
Cont.i 
Cont.2 
Cont.3 
c, 
C2 
cs 
s, 
S2 
-
-
2 
0.24 
0.80 
5.00 
0.24+5 
0.80+5 
-
-
2 
0.24 
0.80 
5 
0.24+5 
0.80+5 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
1 
2 
13 
3 
2 
2 
2 
3 
1 
3 
22 
1 
9 
3 
4 
6 
1 
1 
5 
1 
2 
1 
1 
1 
1 
2 
15 
4 
5 
1 
2 
3 
-
-
4 
-
2 
-
1 
1 
-
-
7 
-
2 
-
1 
1 
3 
3 
20 
5 
4 
3 
2 
2 
3 
2 
18 
6 
3 
3 
1 
2 
1.60+0.2 
1.80+0.1 
15.01+1.2* 
2.80+0.3 
3.41+0.3 
1.78+0.2 
1.95+0.2 
2.21+0.3 
1.60+0.2 
2.33+0.3 
22.49+2.0* 
3.60+0.4 
6.22+0.7* 
2.55+0.3 
2.48+0.3 
4.39+0.5* 
Note. Control 1: negative (tap water); Control 2: solvent (methanol for 2,4-D); Control 3: 
positive (cyclophosphamide); C\, C2= chloroacetic acid; CS= C. sinensis, alone; 
Si and 82= CAA with C. sinensis. *Student's ^test, P<0.05. 
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Figure 9: Multiple concentration and duration related profiles of Chromosomal 
Aberration (CA) by Chloroacetic acid at l" (A) and 7*" (B) day in R. 
norvegicus. 
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Table.4: Incidence of chromosomal aberration with 2,4-D in bone marrow cells of R. 
norvegicus. 
Time (D) Treatment Dose Scored Aberrations 
(mg/g b. wt.) mitotic Chromatid Chromosomal 
Spread 
j^(%) frequency 
of total aberrations 
l^'dayCont.i 
Cont.2 
Cont.3 
D, 
D2 
CS 
s, 
S2 
f'^day Cont., 
Cont.2 
Cont.3 
Di 
D2 
CS 
Si 
S2 
4 
_ 
-
2 
19.98 
33.33 
5.00 
19.98+5 
33.33+5 
-
-
2 
19.98 
33.33 
5.00 
19.98+5 
33.33+5 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
B 
1 
2 
13 
5 
9 
2 
3 
5 
1 
3 
22 
12 
16 
3 
7 
10 
G 
1 
1 
5 
'1 
7 
1 
1 
0 
J 
1 
1 
15 
5 
11 
1 
5 
5 
B 
_ 
-
4 
1 
3 
-
1 
1 
-
1 
7 
1 
3 
-
1 
2 
G 
_ 
-
3 
-
-
-
-
1 
-
-
5 
1 
1 
-
-
-
MA 
3 
3 
20 
4 
6 
3 
2 
3 
3 
2 
18 
5 
7 
3 
5 
7 
1.60+0.2 
1.80+0.1 
15.01+1.2* 
4.33+0.6* 
8.52+0.9* 
1.78+0.2 
2.11+0.3* 
4.48+0.6* 
1.60+0.2 
2.33+0.3 
22.49+2.0* 
8.00+0.9* 
12.76+0.9* 
2.55+0.3 
5.95+0.6* 
7.96+0.7* 
Note. Control 1; negative (tap water); Control 2: solvent (methanol for 2,4-D); Control 3: 
positive (cyclophosphamide); Di, D2=2,4-D; CS= C. sinensis, alone; Si and S2= 
2,4-D with C, sinensis. *Student's Mest, /'<0.05. 
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Figure.10: Multiple concentration and duration related profiles of Chromosomal 
Aberration by 2,4-Dichlorophenoxyacetic acid at 1*' (A) and 7"* (B) day 
in R. norvegicus. 
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Fig. 11: Photomicrographs showing normal sperm (A), normal head with coiled 
tail (B & F), bent tail (C), head moved in reverse position (D), reversed 
head with bent iail (E) and coiled tail (G) abnormalities treated in vivo by 
different doses >[ 2,4-D and c:/o; :i..-itic acid in R. norvegicus. 
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Table: 5. Induction of sperm abnormalities by the treatment of chloroacetic acid in R. 
norvegicus at 1^  and 7 day. 
Exposure Chemical Dose Total scored sperm Mean frequency of 
(Days) (mg/lOOgm Normal Abnormal SPA J(%) ± S. E. 
b.wt.) 
I i ^ 
l^ 'day Cent. - 2500 51 2.04±0.2 
C, 0.24 2500 59 2.16±0.3 
Ci 0.80 2500 72 2.32±0.4 
CS 5.00 2500 53 2.06±0.3 
Si 0.24+5 2500 56 2.07±0.3 
S2 0.80+5 2500 60 2.11+0.4 
7* day Cont. - 2500 51 2.04+0.2 
Ci 0.24 2500 82 3.28+0.4 
Ci 0.80 2500 127 5.08+0.6* 
CS 5.00 2500 59 2.05+0.2 
51 0.24+5 2500 65 2.21+0.3 
52 0.80+5 2500 88 2.64+0.4* 
• • 
Note. Control: negative (tap water); C|, C2= chloroacetic acid; CS= C. sinensis, alone; Si 
and S2= CAA with C. sinensis. *Student's /-test, P<Q.05. 
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Figure 12: Frequency distribution of sperm abnormalities at 1** (A) and 7**' day 
(B) in chioroacetic acid and C. sinensis treated R. norvegicus. 
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Table.6: Induction of sperm abnormalities by the treatment of 2,4-dichlorophenoxyacetic 
acid in R. norvegicus at 1^ ' and 7"^  day. 
Exposure Chemical Dose Total scored sperm Mean frequency of 
(Days) mg/lOOgm Normal Abnormal SPAX(%)±S.E. 
b.wt. 
I - - . 1 - M II • I , ^ - I - ^ - , - - . „ _ _ I - ^ _ 
f'day Cont. - 2500 51 2.04±0.2 
D, 19.98 2500 60 2.19±0.3 
Da 33.30 2500 67 2.40±0.5 
CS 5.00 2500 52 2.06±0.3 
Si 19.98+5 2500 55 2.08±0.3 
Si 33.30+5 2500 56 2.13+0.4 
7"'day Cont. - 2500 51 2.04+0.2 
Di 19.98 2500 101 4.04+0.5* 
Di 33.30 2500 168 6.73+0.7* 
CS 5.00 2500 52 2.05+0.2 
Si 19.98+5 2500 71 2.84+0.3** 
S2 33.30+5 2500 101 3.04+0.5** 
-• 
Note. Control: negative (tap water); D|, D2= 2,4-Dichlorophenoxyacetic acid; CS= C. 
sinensis, alone; Si and S2= 2,4-D with C. sinensis. *Student's Hest, P<0.05. 
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Figure.l3: Frequency distribution of sperm abnormalities at 1** (A) and T"* day (B) 
in 2,4-Dichlorophenoxyacetic acid and C sinensis treated R. norvegicus. 
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Table.7: Effect of CAA and Camellia sinensis on different brain parts for lipid 
peroxidation in R. norvegicus at 1^ ' and 7* day. 
Exposure Chemical Dose (mg/ Brain Parts (n mol/mg protein) 
(Days) lOOg b. wt.) 
Cerebrum Cerebellum Brain stem 
^ 
l^'day Cont. - 5.15±0.4 4.98±0.3 3.92±0.2 
Ci 0.24 5.45±0.5 5.360.4 4.21±0.3 
C2 0.80 6.02±0.5 5.62±0.5 4.55±0.4 
CS 05 5.19±0.3 5.00±0.3 3.95±0.2 
S, 0.24+5 5.21±0.5 5.08±0.3 4.01±0.3 
S2 0.80+5 5.36+0.6 5.22+0.5 4.15+0.3 
T^'day Cont. - 5.15+0.3 4.98+0.4 3.92+0.2 
C, 0.24 6.86+0.5* 5.89+0.5* 4.67+0.4* 
C2 0.80 8.78+1.0* 7.95+0.8* 6.76+0.6* 
CS 05 5.19+0.4 5.00+0.4 3.95+0.2 
SI 0.24+5 5.59+0.6* 5.22+0.5 4.10+0.3 
S2 0.80+5 6.91+0.8* 5.89+0.6* 4.95+0.4* 
Note. Control: (tap water); Ci, C2= chloroacetic acid; CS= C. sinensis; Si and 
82= CAA with C. sinensis. *Student's /-test, /'<0.05. 
- • 
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Figure. 14: Histogram showing the lipid peroxide levels after treating CAA, C 
sinensis and CAA+C5 on different brain parts at 1** (A) and 7"* (B) day 
in R. norvegicus. 
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Table.8: Effect of 2,4-D and C. sinensis on different brain parts to evaluate lipid 
peroxide levels in R. norvegicus at 1^ ' and 7'^  day. 
• 
Exposure 
(Days) 
• 
Chemical Dose (mg/ 
lOOg b. wt.) 
» 
Brain Parts (n mol/mg protein) 
Cerebrum Cerebellum Brain stem 
« 
I'May Cont. - 5.15±0.4 4.98±0.3 3.92±0.4 
D, 0.24 5.83±0.6 5.55±0.4 4.39±0.3 
D2 0.80 5.95±0.6 5.87±0.4 4.81±0.3 
CS 05 5.19±0.3 5.00±0.3 3.95±0.2 
S| 0.24+5 5.32±0.4 5.11±0.4 4.04±0.3 
S2 0.80+5 5.49+0.4 5.20+0.4 4.21+0.3 
T^'day Cont. - 5.15+0.4 4.98+0.3 3.92+0.4 
D, 0.24 7.99+0.6* 7.21+0.5* 6.21+0.4* 
D2 0.80 9.96+0.8* 9.08+0.7* 7.59+0.6* 
CS 05 5.19+0.4 5.00+0.4 3.95+0.2 
Si 0.24+5 5.98+0.6* 5.52+0.4* 4.25+0.3* 
S2 0.80+5 7.55+0.7* 7.26+0.5* 5.21+0.3* 
Note. Control: (tap water); Di, D2= 2,4-Dichlorophenoxyacetic acid; CS= C sinensis; 
S, and 82= 2,4-D with CS. *Student's /-test, P<0.05. 
- • 
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Figure. 15: Histogram showing the lipid peroxide levels after treating 2,4-D, C 
sinensis and 2,4-D+C5' on different brain parts at 1'' (A) and T**" (B) 
day in R. norvegicm. 
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Table.9: Effect of CAA and C. sinensis on different brain parts to assess the Catalase 
activity in R. norvegicus at 1^ ' and f day. 
Exposure 
(Days) 
f'day 
Chemical 
Cont. 
Ci 
Dose (mg/ 
lOOg b. wt.) 
0.24 
Brain Parts 
Cerebrum 
4.65±0.5 
4.56±0.4 
(Unit/mg protein) 
Cerebellum 
3.29±0.2 
3.23±0.3 
w 
Brain stem 
2.51±0.3 
2.45±0.2 
C2 0.80 4.29±0.3 3.08±0.2 2.33±0.1 
cs 05 4.62±0.5 3.27±0.4 2.49±0.3 
0.24+5 4.63±0.4 3.27±0.4 2.48±0.2 
S2 0.80+5 4.58+0.5 3.24+0.3 2.43+0.2 
7'*^  day Cont. 
Ci 
C2 
CS 
-
0.24 
0.80 
05 
4.65+0.5 
4.22+0.3 
4.60+0.5 
3.29+0.2 
2.90+0.2 
3.25+0.2 
2.51+0.3 
2.26+0.1 
3.15+0.3* 2.06+0.1* 1.49+0.1* 
2.59+0.3 
0.24+5 4.51+0.4 3.20+0.3 2.42+0.2 
S2 0.80+5 4.10+0.3* 2.91+0.2* 2.01+0.2 
Note. Control: (tap water); C|, C2= chloroacetic acid; CS= C. sinensis; Si and S2=CAA 
withCS. *Student's/-test, ? < 0.05. 
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Figure . l6 : Histogram showing CAT enzyme activity after treating CAA, C. 
sinensis and CAA+C^ on different brain parts at 1** (A) and T* (B) 
day in R. norvegicus. 
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Table.lO: Effect of 2,4-D and C. sinensis on different brain parts to assess the 
Catalase action rate in R. norvegicus at 1^ ' and 7' day. 
Exposure 
(Days) 
l^'day 
Chemical 
Cont 
D, 
D2 
CS 
Dose 
lOOg 
-
0.24 
0.80 
05 
(mg/ 
b. wt.) 
Brain Parts (Unit/mg protein] 
Cerebrum 
4.65±0.5 
4.49±0.4 
4.05±0.3 
4.62±0.5 
Cerebellum 
3.29±0.2 
3.15±0.4 
2.92±0.3 
3.27±0.4 
1 
Brain stem 
2.51±0.3 
2.37±0.2 
2.18±0.2 
2.49±0.3 
0.24+5 4.60±0.4 3.25±0.3 2.46±0.2 
0.80+5 4.54+0.4 3.19+0.3 2.40+0.2 
7"^  day Cont 
D, 
D2 
CS 
-
0.24 
0.80 
05 
4.65+0.5 
4.09+0.3 
4.60+0.5 
3.29+0.4 
2.81+0.3 
3.25+0.2 
2.51+0.2 
2.10+0.1 
2.28+0.2* 1.46+0.1* 0.98+0.1* 
2.59+0.3 
0.24+5 4.50+0.4 3.18+0.3 2.39+0.2 
0.80+5 3.72+0.3* 2.45+0.2* 1.82+0.2* 
Note. Control: (tap water); D|, D2= 2,4-Dichlorophenoxyacetic acid; CS= C. sinensis; 
Si and S2= 2,4-D with CS. *Student's Mest, P<0.05. 
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Figure. 17: Histogram showing CAT enzyme activity after treating 2,4-D, C 
sinensis and 2,4-D+C5' on different brain parts at l" (A) and 7"" (B) 
day in R. norvegicus. 
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Table.ll: Effect of CAA and C. sinensis on different brain parts to assess the SOD 
activity in R. norvegicus at 1^ ' and 7'^  day. 
Exposure Chemical Dose (mg/ Brain Parts (Unit/mg protein) 
(Days) lOOg b. wt.) 
Cerebrum Cerebellum Brain stem 
l^May Cont. 
C, 
C2 
cs 
0.24 
0.80 
05 
5.40±0.6 4.92±0.5 3.86±0.3 
5.11±0.5 4.80±0.5 3.72±0.2 
4.87±0.5 
5.38±0.6 
4.65±0.5 
4.87±0.5 
3.59±0.2 
3.83±0.3 
0.24+5 5.34±0.5 4.86±0.5 3.81±0.3 
0.80+5 5.30+0.5 4.83+0.5 3.80+0.3 
f' day Cont. 
C, 0.24 
0.80 
5.40+0.5 4.92+0.4 
4.26+0.5* 4.02+0.3 
3.86+0.4 
3.05+0.3 
3.93+0.4* 2.96+0.3* 2.38+0.3* 
CS 05 5.42+0.6 4.90+0.4 3.87+0.4 
0.24+5 5.00+0.4* 4.79+0.4 3.66+0.4 
0.80+5 4.56+0.4* 4.08+0.3* 3.11+0.3* 
Note. Control: (tap water); Ci, €2= chloroacetic acid; CS= C. sinensis; Si and 
S2=CAA with CS. *Student's /-test, ?<0.05. 
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Figure. 18: Histogram showing the SOD enzyme activity after treating CAA, C 
sinensis and CAA+C5 on different brain parts at f * (A) and 7"" (B) 
day in R. norvegicus. 
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Table.l2: Effect of 2,4-D and C. sinensis on different brain parts to assess the SOD 
action rate in R. norvegicus at 1^ ' and 7' day. 
Exposure Chemical Dose (mg/ Brain Parts (Unit/mg protein) 
(Days) lOOg b. wt.) 
Cerebrum Cerebellum Brain stem 
l^'day Cont. 
D, 
D2 
0.24 
0.80 
5.40±0.6 4.92±0.5 
5.01±0.5 4.69±0.5 
4.89±0.5 3.98±0.3 
3.86±0.3 
3.66±0.4 
3.19±0.2 
CS 05 5.38±0.5 4.87±0.5 3.83±0.3 
Si 
S2 
0.24+5 
0.80+5 
5.29+0.5 
5.10+0.5 
4.80+0.2 
4.78+0.2 
3.78+0.3 
3.76+0.3 
7"^  day Cont. 
D, 0.24 
5.40+0.6 4.92+0.5 3.86+0.3 
4.18+0.4* 3.85+0.4* 2.90+0.3* 
D2 
CS 
0.80 
05 
3.56+0.4* 2.58+0.3* 2.04+0.2* 
5.42+0.6 4.90+0.4 3.87+0.4 
Si 
S2 
0.24+5 
0.80+5 
5.12+0.5* 
4.44+0.4* 
4.64+0.4 
4.10+0.4* 
3.58+0.3* 
3.02+0.3* 
Note. Control: (tap water); Di, D2= 2,4-Dichlorophenoxyacetic acid; CS= C. sinensis; S\ 
and 82= 2,4-D with CS. *Student's Mest, P<0.05. 
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Figure.l9: Histogram showing the SOD enzyme activity after treating 2,4-D, C. 
sinensis and 2,4-D+CS on different brain parts at 1'* (A) and 7"" (B) 
day in R. norvegicus. 
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Table.l3: Effect of CAA and C. sinensis on different brain parts to assess tlie TSH 
activity in R. norvegicus at 1^ ' and 7'^  day. 
Exposure Chemical Dose (mg/ Brain Parts (^  moi/g tissue) 
(Days) lOOg b. wt.) 
Cerebrum Cerebellum Brain stem 
1 '^day Cont. 
C, 0.24 
4.41±0.5 3.53±0.4 3.09±0.3 
4.35±0.5 3.36±0.3 2.89±0.2 
C2 
CS 
Si 
S2 
0.80 
05 
0.24+5 
0.80+5 
4.14+0.4 
4.46+0.5 
4.38+0.5 
4.35+0.5 
3.19+0.2 
3.49+0.4 
3.45+0.3 
3.46+0.4 
2.72+0.2 
3.11+0.4 
3.06+0.3 
3.01+0.3 
7* day Cont. 
c, 
C2 
CS 
0.24 
0.80 
05 
4.41+0.5 
3.98+0.4 
4.40+0.6 
3.53+0.4 
3.02+0.3 
3.51+0.4 
3.09+0.3 
2.65+0.3 
2.75+0.6* 2.06+0.4* 1.96+0.3* 
3.08+0.3 
0.24+5 4.28+0.5 3.39+0.3 2.91+0.3 
0.80+5 3.84+0.4* 3.10+0.4* 2.62+0.3 
Note. Control: (tap water); Ci, C2= chloroacetic acid; CS= C. sinensis; S\ and 
S2=CAA with CS. *Student's r-test, P<0.05. 
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Figure.20: Histogram showing TSH activity after treating CAA, C. sinensis and 
CAA+C5 on different brain parts at f* (A) and 7*" (B) day in R. 
norvegicus. 
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Table.l4: Effect of 2,4-D and C. sinensis on different brain parts to assess the TSH 
activity in R. norvegicus at 1^ ' and 7' day. 
Exposure Chemical Dose (mg/ Brain Parts (fi mol/g tissue) 
(Days) lOOg b. wt.) 
Cerebrum Cerebellum Brain stem 
l^'day Cont. 
D, 
D2 
CS 
0.24 
0.80 
05 
4.41±0.5 3.53±0.4 
4.23±0.4 3.25±0.4 
4.03±0.4 
4.46±0.5 
3.07±0.3 
3.49±0.4 
3.09±0.3 
2.77±0.3 
2.65±0.3 
3.11±0.4 
0.24+5 4.35±0.4 3.40±0.4 2.99±0.2 
S2 0.80+5 4.27+0.4 3.38+0.4 2.96+0.2 
7'" day Cont. 
Di 
D2 
CS 
0.24 
0.80 
05 
4.41+0.5 
3.82+0.4 
4.42+0.6 
3.53+0.4 
2.95+0.3 
3.55+0.4 
3.09+0.3 
2.51+0.2 
2.12+0.2* 1.96+0.1* 1.78+0.2* 
3.08+0.3 
S, 
S2 
0.24+5 
0.80+5 
4.22+0.4 3.35+0.3 2.94+0.3 
3.90+0.4* 3.01+0.3* 2.48+0.2* 
Note. Control: (tap water); D], D2= 2,4-Dichlorophenoxyacetic acid; CS= C. sinensis; 
Si and 82= 2,4-D with CS. * Student's Mest, P < 0.05. 
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Figure.21: Histogram showing TSH activity after treating 2,4-D, C. sinensis and 
2,4-D+CS on different brain parts at 1'' (A) and f^ (B) day in R. 
norvegicus. 
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Figure.22: Histogram showing GSH activity after treating CAA, C sinensis and 
CAA+C$ on different brain parts at 1*' (A) and 7* (B) day in R. 
norvegicus. 
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Table.l6: Effect of 2,4-D and C. sinensis on different brain parts to assess the GSH 
activity in R. norvegicus at 1*' and 7" day. 
Exposure Chemical Dose (mg/ Brain Parts (fi mol/g tissue) 
(Days) lOOg b. wt.) 
Cerebrum Cerebellum Brain stem 
• 
l''day Cont. - 3.87±0.5 3.13±0.4 2.27±0.3 
Di 0.24 3.69±0.5 3.01±0.4 2.16±0.3 
D2 0.80 3.52±0.4 2.90±0.4 2.02±0.3 
CS 05 3.84±0.5 3.12±0.3 2.28±0.3 
S, 0.24+5 3.82±0.4 3.08±0.4 2.21±0.2 
S2 0.80+5 3.76+0.4 3.01+0.3 2.19+0.3 
7 '^'day Cont. - 3.87+0.5 3.13+0.4 2.27+0.3 
D| 0.24 2.66+0.4* 2.18+0.3* 1.35+0.3* 
D2 0.80 1.83+0.3* 0.99+0.2* 1.10+0.2* 
CS 05 3.88+0.5 3.12+0.3 2.25+0.3 
S, 0.24+5 3.15+0.4 2.80+0.4 1.99+0.3 
S2 0.80+5 3.01+0.4* 2.20+0.3* 1.79+0.2 
' • 
Note. Control: (tap water); Di, D2= 2,4-Dichlorophenoxyacetic acid; CS= C. sinensis; 
Si and 82= 2,4-D with CS. *Student's /-test, P < 0.05. 
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Figure.23: Histogram showing GSH activity after treating 2,4-D, C. sinensis and 
2,4-D+CS on different brain parts in at f' (A) and 7"" (B) day R. 
norvegicus. 
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Table.17: Effect of chloroacetic acid and C. sinensis on elevated plus maze in R. 
norvegicus at 1 and 7 day. 
Exposure Chemical 
(Days) 
Dose (mg/ Elevated plus maze [{%) Mean±S.E.] 
lOOg b. wt.) 
Open arm entries Open arm 
time (s) 
r'day Cont 
Ci 
C2 
cs 
0.24 
0.80 
05 
0.24+5 
0.80+5 
28.3+3.8 
25.3+0.8 
22.3+1.4 
27.0+2.6 
27.6+3.1 
26.1+1.9 
21.0+2.1 
19.5+1.6 
17.4+1.7 
20.1+1.0 
20.0+1.5 
18.9+2.2 
7'" day Cont 
C] 
C2 
CS 
Si 
S2 
0.24 
0.80 
28.3+3.8 
20.3+1.8* 
18.6+2.0* 
05 
0.24+5 
0.80+5 
25.2+0.4 
25.8+1.0^ 
23.6+1.2^ 
21.0+2.1 
15.6+1.0* 
13.4+2.4* 
19.2+0.9 
19.0+2.4^ 
17.8+3.1^ 
Note. Control: negative (tap water); Ci, C2= chloroacetic acid; CS= C. sinensis, 
alone; Si and S2= CAA with C. sinensis. *Student's Hest, P<0.05 (when 
compared to control) and"'^/'<0.05 (when compared to chemical group). 
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Figiire.24: Histogram showing open arm entries and open arm spent time 
(s) on elevated plus maze after treating CAA, C. sinensis and 
CAA+CS at 1*' (A) and 7 (B) day in R. norvegicus. 
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Table.l8: Effect of 2,4-Dichlorophenoxyacetic acid and C. sinensis on elevated plus 
maze at 1 '^ and 7' day in R. norvegicus. 
Exposure Chemical Dose (mg/ Elevated plus maze [(%) Mean±S.E.] 
(Days) lOOg b. wt.) 
Open arm entries Open arm 
time (s) 
I'May Cent - 28.3±3.8 21.0±2.1 
D, 0.24 25.0±0.5 18.3±1.2 
D2 0.80 23.1±1.0 16.8±0.9 
CS 05 27.0±2.6 20.1±1.0 
Si 0.24+5 27.7±3.5 19.8±2.5 
S2 0.80+5 26.5+0.7 18.6+3.4 
7"'day Cent - 28.3+3.8 21.0+2.1 
Di 0.24 19.2+1.46* 13.7+1.8* 
D2 0.80 15.3+1.3* 10.9+2.7* 
CS 05 25.2+0.4 19.2+0.9 
Si 0.24+5 25.1+0.5^ 18.0+2.9^ 
S2 0.80+5 21.1+2.57^ 16.1+3.4^ 
Note. Control: negative (tap water); Di, D2=2,4-D; CS= C. sinensis, alone; Si and 
S2= 2,4-D with C. sinensis. Student's Mest, *i'<0.05 (when compared to 
control) and-'P<0.05 (when compared to chemical group). 
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Figure.25: Histogram showing open arm entries and open arm spent time (s) on 
elevated plus maze after treating 2,4-D, C. sinensis and 2,4-D+CS' at 1*' (A) 
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Table.l9: Effect of chloroacetic acid and C. sinensis on open field at 1 '^ and 7' day in 
R. norvegicus. 
Exposure Chemical Dose (mg/ Open field test [Mean (x) ± S.E.] 
(Days) lOOg b. wt.) 
Ambulation Preening Rearing 
f 'day Cent - 91.0±n.O 8.66±0.8 23.3±0.5 
C, 0.24 86.3±2.8 7.66±0.5 20.3±0.7 
C2 0.80 78.6±1.4 7.00±0.4 19.6±0.5 
CS 05 88.5±2.6 8.01±0.6 21.5±0.3 
Si 0.24+5 89.6±2.3 8.00±0.6 22.3±0.3 
S2 0.80+5 85.6+2.0 7.75+0.5 20.8+0.8 
7"'day Cent - 91.0+11.0 8.66+0.8 23.3+0.5 
C, 0.24 40.6+1.5* 5.66+0.4** 13.3+0.4** 
C2 0.80 28.7+0.7* 4.33+0.3** 9.85+0.3** 
CS 
Si 
S2 
Note. Control: negative (tap water); C\, C2= chloroacetic acid; CS= C. sinensis, 
alone; Sj and 82= CAA with C. sinensis. Student's /-test, *P < 0.001, **P < 
0.05 (when compared to control) while ^ /'<0.001 and ' /'<0.05 (when 
compared to chemical group). 
05 
0.24+5 
0.80+5 
81.5+2.1 
71.6+2.3-^ 
64.3+1.2-^ 
8.01+0.6 
7.00+0.6' 
6.33+0.4' 
20.5+0.5 
18,6+0.7' 
15.5+0.3' 
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Figure.26: Histogram showing ambulation, preening and rearing (s) on open field 
parameter after treating CAA, C. sinensis and CAA+C? at 1** (A) and 
T*"" (B) day in R. norvegicus. 
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Table.20: Effect of 2,4-Dichlorophenoxyactic acid and C. sinensis on open field at 1 '^ 
and 7' day in R. norvegicus. 
Exposure Chemical Dose (mg/ Open field test [Mean (x) ± S.E.] 
(Days) lOOg b. wt.) 
Ambulation Preening Rearing 
l"day Cont. - 91.0±11.0 8.66±0.8 23.3±0.5 
D, 0.24 82.0±2.4 7.33±0.5 20.0±0.7 
D2 0.80 75.3±1.3 6.60±0.4 18.2±0.6 
CS 05 88.5±2.6 8.01±0.6 21.5±0.3 
Si 0.24+5 87.2±3.2 8.00±0.6 22.0±1.1 
S2 0.80+5 83.5+2.5 7.66+0.5 20.1+0.8 
7"'day Cont. - 91.0+11.0 8.66+0.8 23.3+0.5 
Di 0.24 36.6+1.0* 4.51+0.3** 11.0+0.2** 
D2 0.80 25.89+0.9* 3.99+0.4** 8.65+0.5** 
81.5+2.1 8.01+0.6 20.5+0.5 
69.4+1.5^ 6.60+0.4' 17.1+0.7^ 
62.0+1.3^ 6.11+0.5' 15.0+0.3-
CS 
Si 
S2 
05 
0.24+5 
0.80+5 
r s 
Note. Control: negative (tap water); Di, D2=2,4-D; CS= C sinensis, alone; Si and 
S2= 2,4-D with C. sinensis. Student's Mest, *P < 0.001, **P < 0.05 (when 
compared to control) while •^P<0.001 and ' P<0.05 (when compared to 
chemical group). 
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Figure.27: Histogram showing ambulation, preening and rearing (s) on open field 
parameter after treating 2,4-D, C. sinensis and2,4-D+C5atf ' (A)and 
Tth 7 (B) day in R. norvegicus. 
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Table.21: Effect of chloroacetic acid and C. sinensis on rota rod at l'^ ' and 7"^  day in R. 
norvegicus. 
Exposure 
(Days) 
1 '^day 
Chemical 
Cent. 
Ci 
C2 
cs 
Si 
S2 
Dose (mg/ 
lOOg b. wt.) 
-
0.24 
0.80 
05 
0.24+5 
0.80+5 
Rota-rod [Mean (X)± 
Time Total allotted & 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
S.E.] Time(s) 
spent on RR 
138.6+13.4 
116.3+6.06 
120.3+4.33 
134.3+10.2 
130.6+9.24 
122.6+1.45 
7* day Com. 
Ci 
C2 
cs 
Si 
S2 
-
0.24 
0.80 
05 
0.24+5 
0.80+5 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
138.6+13.4 
98.33+12.0* 
71.30+1.85* 
129.5+7.3 
113.2+7.26^ 
100.6+5.81^ 
Note. Control: negative (tap water); Ci, C2= chloroacetic acid; CS= C. sinensis, 
alone; Si and S2= CAA with C sinensis. Student's /-test, *P<0.05 (when 
compared to control) and-^P<0.05 (when compared to chemical group). 
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Figure.28: Histogram showing the spent time on roller (s) by rota rod estimation 
after treating CAA, C sinensis and CAA+C5 at f' (A) and 7"" (B) day 
in R. norvegicus. 
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Table.22: Effect of 2,4-Dichlorophenoxyacetic acid and C sinensis on rota rod at 1^ ' and 
7th 7 day in R. norvegicus. 
Exposure Chemical Dose (mg/ Rota-rod [Mean (X) ± S.E.] Time (s) 
(Days) lOOg b. wt.) 
PMay Cent 
D, 
D2 
CS 
0.24 
0.80 
05 
0.24+5 
0.80+5 
Time Total allotted & 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
Spent on RR 
138.6+13.4 
121.3+10.7 
115.0+5.29 
134.3+10.2 
131.4+8.45 
124.0+3.21 
7"^  day Cent 
D, 
D2 
CS 
S, 
So 
-
0.24 
0.80 
05 
0.24+5 
0.80+5 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
180+0.0 
138.6+13.4 
97.00+11.7* 
72.33+2.02* 
129.5+7.3 
113.0+5.56^ 
99.66+3.84^ 
Note. Control: negative (tap water); Di, D2=2,4-D; CS= C. sinensis, alone; Si and 
82= 2,4-D with C. sinensis. Student's Mest, *P<0.05 (when compared to 
control) and^P<0.05 (when compared to chemical group). 
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Figure.29: Histogram showing the spent time on roller (s) by rota rod estimation 
after treating 2,4-D, C sinensis and 2,4-D+CS at f * (A) and 7"" (B) day 
in R. norvegicus. 
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DISCUSSION 
In view of the harmful effects of pesticides and food additives, which are being 
consistently recorded, it is essential that toxic effects of these chemicals should be 
evaluated under variety of conditions. This study deals with two mutagens, 
chloroacetic acid (CAA) and 2,4-Dichlorophenoxyacetic acid (2,4-D). CAA is 
used as herbicide and for treatment of plantar warts, it is also used as preservative 
and drying agent for curing hay. As for hazards posed to human beings, at least 
two deaths have been reported due to exposure to CAA (Zeldenrust, 1951; Mann, 
1969). 2,4-D is a common systemic herbicide used in the control of broad leaf 
weeds. It is the most widely used herbicide in the world, and the third most 
commonly used in North America (ITF, 2006). 2,4-D can cause low growth rates, 
reproduction problems, change in behavior or death in non-tagged species (SCC, 
2005). 
Though new and sophisticated techniques are being developed, several 
conventional techniques still provide useful information on toxicity of suspected 
compounds. Three of such techniques, which have been widely used, are: 
i) In vivo bone marrow chromosomal aberrations (CAs) 
ii) Micronucleus (MN) assay and, 
iii) Sperm abnormalities (SPA) 
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In the present study, we evaluated the mutagenic potential of CAA and 2,4-
D in bone marrow cells (BMCs) of Rattus norvegicus employing these techniques; 
i.e. CA and MN assays, with the polychromatic erythrocytes (PCEs) being part of 
the latter assay. 
Only few studies have focused attention on the mechanism of micronucleus 
(MN) formation. Evans et al. (1959) showed that when the root tips of Viciafaba 
were subjected to fast neutrons and gamma rays exposure, induction of 
chromosomal aberrations (CAs) resulted in micronuclei (MN) formation. Schmid 
(1976) showed that MN are formed due to chromosomal breaks and spindle 
inhibition. It is generally accepted that clastogenic mutagens induce micronuclei 
formation which are break-away part of chromosome fragments, or of lagging 
chromosomes (Schmid, 1975). Heddle and Carrano (1977) have worked out 
theoretical aspects of the relationship between CAs and MN formation. 
Two sub-lethal concentrations of CAA and 2,4-D were given to rats during 
present investigations after 1^ ' and 7* day which caused chromatid /chromosomal 
breaks, gaps, exchanges, multiple aberrations and micronuclei formation in the 
BMCs. It is evident that in addition to an apparent interference during 
chromosome condensation due to chromosome breakage, fragmentation and 
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disintegration, which demonstrates the clastogenic potential, both of these 
chemicals also cause spindle poisoning (Sharma et al., 2000). 
In the present study after treating R. norvegicus with CAA and 2,4-D, a 
dose and duration-dependent increase in CA and MN formation in PCEs were 
recorded. Our data demonstrate that 2,4-D is more damaging mutagen than CAA, 
since the maximum frequency of chromosomal aberrations after 7* day with 2,4-D 
had the values of 12.76±0.9 mean (%) frequency as compared to 6.22±0.7 mean 
(%) frequency with CAA. Similar conclusion can be made from the data on 
micronuclei assay as the maximum value of 8.24±0.9 mean/1000 PCEs was 
obtained for 2,4-D, while the value for CAA was 5.68±0.6 mean/1000 PCEs. In 
both cases, significant differences were observed after 7"^  day but after 1^ ' day with 
2,4-D only. 
As per our results, CAA is more mutagenic than the related compound 
TCA, since CAA caused significant damage in BMCs of R. norvegicus at a 
concentration of 0.80 mg/100 gm b.wt., i.e. 08 mg/kg, while 500 mg/kg of TCA 
was required in case of mice to produce the mutation of this magnitude (Bhunya 
and Behera, 1987), In other words, taking the parameters used here, CAA is >60 
times mutagenic than TCA. The results also show that CAA and 2,4-D cause rapid 
decrease in the values of CAs and MN in BMCs after the C. sinensis intake 
concurrently with the chemicals following an initial increase observed after 1^ ' and 
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7"' day of treatment, which may be due to the reasons outlined in the preceding 
paragraph. 
Present study suggests that 2,4-D is clastogenic to R. norvegicus and a 
number of reports support the genotoxic potential of 2,4-D. These studies employ 
a wide range of experimental techniques which show the genotoxicity of 2,4-D 
(Charles et al., 1999; Amer and Aly, 2001; Madrigal-Bujaidar et al., 2001; Ateeq 
et al., 2002; Holland et al., 2002; Farah et al., 2004; Zeljezic and GaraJ-Vrhovac, 
2004). Madrigal-Bujaider et al. (2001) reported that oral administration 50, 100 
and 200mg/kg of 2,4-D in somatic cells results in formation of a significant sister 
chromatid exchange (SCEs) with high doses which was manifested in a dose-
dependent manner. In our observations, we evaluated that 2,4-D damaged the 
chromosomal DNA with two sub-lethal doses by using CAs and MN for one and 
seven days consecutively. The dose level was very low (33.3mg / lOOgm b. wt.) 
than the study of Madrigal-Bujaider et al. (2001) when administered intra-
peritoneally. The extent of damage will depend on the availability of reactive 
intermediates of the mutagenic compounds generated during their metabolism in 
the target tissues or cells. 2,4-D and its possible genotoxic effects reported on 
human lymphocytes in vitro by CA analysis and MN assay (Zeljezic and Garaj-
Vrhovac, 2004). In an earlier study, a significant increase in the percentage of CAs 
in bone marrow and spermatocytes cells were observed after oral administration of 
2,4-D for three and five consecutive days (Amer and Aly, 2001). 
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The sperm abnormality (SPA) is a sensitive and reliable parameter and is 
widely used to identify germ cell mutagen (Wyrobek and Bruce, 1978; Giri et al., 
2002a, b; Nahas and Ashwany, 2004; Roy et al., 2008). Wyrobek et al. (1983) 
reported that chemicals induced SPA also proved to be carcinogenic. In the 
present study, intraperitoneal administration of two sub-lethal doses of CAA and 
2,4-D produced genotoxic effects in rats as revealed from enhanced frequencies of 
SPA. Effects of 2,4-D on sperm have been identified in studies of both exposed 
people and laboratory animals (Amer and Aly, 2001; Swan, 2003; US EPA, 2004). 
A study found that 2,4-D levels were five times as high as those found in men with 
about average sperm count (Swan, 2003). In addition, EPA lists a variety of effects 
on male sex organs that include atrophy of the testes, degeneration of sperm 
producing tissues and decrease numbers of sperms in testes (US EPA, 2004). 2,4-
D also caused an increase in number of abnormal sperms in a study of National 
Research Centre (Amer and Aly, 2001). A recent finding also suggested that 
organophosphorus pesticides can reduce the number of spermatozoa which 
showed greater susceptibility to DNA denaturation in samples from agricultural 
workers (Sanchez-Pena et al., 2004). 
Cytotoxic drugs suppress spermatogenesis in mammals (Wyrobek et al., 
1983) by causing death of developing germ cells in seminiferous tubules (Lu and 
Meistrich, 1979). The cytotoxicity was further evident in terms of increased 
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incidences of SPA and mortality. CAA and 2,4-D affected the morphogenesis of 
spermatozoa at all dose-levels and all sampling times, indicating that there was 
interference in the metamorphosis of germ cells into mature structurally perfect 
sperms. SPA significantly increased in a dose and time-dependent manner only 
after 7 days and not on one day treatment, possibly because of the cytotoxicity of 
these herbicides. The results from this study suggest that the drug is absorbed from 
peritoneal cavity and reaches the germ cells. The formation of abnormal sperm 
indicates the ability of CAA and 2,4-D to produce exogenous factors when 
accumulated in germ cell pool, induce alterations in sperm morphology mainly by 
point mutation (Chauhan et al., 2000) but also by other mechanisms (Styrna et al., 
1991; Rubes et al., 1998). Small alteration in testicular DNA (Tophman, 1980), or 
the interference of the test substance with the genetically controlled differentiation 
of sperm cells (Bruce et al., 1974; Rai and Vijaylakshmi, 2001) are some cause of 
the SPA. 
Bhunya and Das (1987) injected single doses of 12.5, 25 and 50 mg/kg 
CAA intraperitoneally into groups of 3 male Swiss mice. After 35 days an 
increased number of malformed sperms was found in the two highest dose groups 
while in our investigation, we induced lower dose level (0.24 and 0.80 / lOOgm) of 
CAA for a short period of 1 and 7 days and found positive results after 7 
consecutive days of treatment in the form of SPA. It is also documented that 
certain chemicals including CAA and 2,4-D, are germ cell mutagens affecting 
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specific gene loci in spermatogonia! cells thereby increasing the percentage of 
SPA (Soares et al., 1979; Letz, 1990; Amer and Aly, 2001; Donya, 2002; Bhunya 
and Behera, 1987; Bhunya and Das, 1987). It is further stated that sperm cell 
morphology is genetically controlled by numerous autosomal and sex-linked genes 
(Krazonowska, 1976). Hence, formation of abnormal sperm population in the 
present study is very likely due to mutagenic effects of CAA and 2,4-D induced 
ROS on specific gene loci of germ cell chromosomes involved in the maintenance 
of the normal sperm structure. The present results of the sperm morphology test 
are in consensus with that of an earlier report (Bhunya and Das, 1987; Amer and 
Aly, 2001), in which CAA and 2,4-D affected the morphology of sperm of rats but 
in different manner. In the conclusion, the results of this study indicate that 2,4-D 
and CAA are cytotoxic and genotoxic to germ cells in the male rat. 
Rats treated with both of these chemicals showed a conspicuous decrease in 
aberrant type cells and micronuclei and sperm abnormalities after 1^ ' and 7''^  day of 
treatment when C. sinensis was used simultaneously with CAA and 2,4-D. Such a 
decrease has been attributed to elimination of metabolites from the body, repair of 
damaged genetic material, removal of cell chromosomes with damaged genetic 
material, or caused by reduction in the level of test compound due to its 
conversion to other products (Tates and Natarajan, 1976; Bhunya and Behera, 
1987). 
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C. sinensis (Green tea) has well recognized antimutagenic properties 
against several mutagens (Kada et al., 1985; Kuroda and Hara, 1999; Siess et al., 
2000). Extracts or other purified preparations of phenolic rich foods offer 
antioxidant, antibacterial, anti-inflammatory, antiviral, antimutagenic, anti-
carcinogenic, vasodilatory, and neuroprotective properties (Middleton et al., 2000; 
Scalbert et al., 2005; Soobrattee et al, 2005, 2006). There is a compelling interest 
in understanding the effect of the polyphenol/flavonoid content within human 
foods such as leafy vegetables, edible root crops, grapes, apples, mangoes, onions, 
cocoa, corn, buckwheat, redwine, and tea because of the potential health benefits 
from these compounds (Santos-Buelga and Scalbert, 2000; Steinberg et al., 2003; 
Scalbert et al., 2005; Zaveri, 2006; Schroeter et al., 2006). Regarding possible 
genotoxicity or carcinogenicity effects, catechins and/or C. sinensis extracts have 
been shown to be chemopreventive with respect to various mutagens or 
carcinogens, in both in vitro and in vivo systems (Arimoto et al., 2003; Iwai et al., 
2005; Aruoma et al., 2006). It has been postulated that the antioxidant properties 
of catechins constitute their main mode of action in this chemopreventive effect. 
CA assays of C. sinensis catechins (GTC) with reactive oxygen species 
(ROS) scavengers demonstrated that H2O2 is responsible for the in vitro 
clastogenic potential of GTC (Roy et al., 2003). Available information indicates 
that H2O2 is generated in the presence of GTC due to the pro-oxidant property of 
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catechins. In short, catechins reduce oxygen to form O2" and then further reduce 
this to form H2O2 (Katiyar and Mukhtar, 1996; Gupta et al., 2002; Edenharder and 
Grunhage, 2003; Roy et al., 2003). In our results, it is observed that the C. sinensis 
aqueous leaves extract (ALE) decreased the frequency of CAs in BMCs when 
administered with CAA and 2,4-D simultaneously. C. sinensis was not produced 
any change in the frequency of chromosomal aberrations, micronuclei and sperm 
abnormality than control when induced alone. 
The number of micronuclei in the animals influenced by a GTC's most 
effective catechin, epigallocatechin gallate (EGCG) alone did not differ from that 
of the control group. The formation of micronuclei and DNA damage in the form 
of comet tail length during single cell gel electrophoresis was significantly 
suppressed by EGCG in a dose-dependent manner (Roy et al. 2003). In the present 
investigation, results also showed that the green tea ALE decreased the number of 
micronuclei in bone marrow cells and SPA in epididymis with CAA and 2,4-D, 
simultaneously. 
Another aim of the present study was to evaluate the neuro-biochemical 
and neuro-behavioral changes by two sub-lethal doses of the CAA (0.24, 
0.80mg/100gm) and 2,4-D (19.98, 33.30mg/100gm) after 1 and 7 consecutive 
days. We were able to demonstrate a time- and dose-dependent effect of CAA and 
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2,4-D on cerebellum, cerebrum and brain stem using lipid peroxidation (LPO), 
catalase (CAT), superoxide dismutase (SOD), total sulfhydryl group (TSH) and 
reduced glutathione (GSH), for neuro-biochemical effect, and to examine the 
neuro-behavioral effect; we used open field behavior, elevated plus maze and rota 
rod test. 
The mechanism of toxicity of many compounds concerns the formation of 
reactive oxygen species (ROS), including superoxide anion, hydrogen peroxide, 
superoxide radical and hydroxy] radical. The compounds under discussion are 
capable of reacting with proteins, nucleic acids, lipids and/or molecules that lead 
to changes in their structure and finally to cell damage (Gwozdziiisk, 2000; Mates, 
2000). However, a majority of cells possess defense mechanisms against the 
potential harmful effects of ROS. These defenses include superoxide dismutase, 
which converts its substrate, superoxide anion, into hydrogen peroxide, and also 
catalase, which converts hydrogen peroxide into water and oxygen. Extra- and 
intracellular substances that are antioxidative in nature prevent overproduction of 
radicals and protect the organism against propagation of peroxidative reactions 
(Kulikowska-Karpihska and Moniuszko-Jako-Niuk, 2004). Pesticides may induce 
oxidative stress by generating free radicals, thus causing lipid peroxidation (LPO). 
Increased LPO and oxidative stress can affect the activities of protective 
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enzymatic antioxidants that have been shown to be the sensitive indicators of 
increased oxidation reactions. 
As per the results, rate of LPO was increased with CAA and 2,4-D at 1^ ' to 
7 days daily treatment, which showed the high level of Malondialdehyde (MDA) 
in cerebrum, cerebellum and brain stem in comparison to control rats. There is still 
lack of information about 2,4-D while CAA does not have even a single report on 
this kind of work, and this is the first study which shows the alterations in these 
parameters in brain parts. Many reports are available on the production of free 
radicals by these compounds on mammalian and non-mammalian systems but on 
the tissues other than brain which indicate the active participation in LPO. LPO is 
a potential endogenous source for DNA residues modification that plays role in 
carcinogenesis (Chung et al., 1996). 2,4-D can bind to certain phospholipids and 
disturb physical interactions in membrane, which probably increases the 
availability of lipids to peroxidafion (Pogosyan et al., 1984). The induction of LPO 
in pea microsomes may be a result of the production of free radicals (e.g. '0013, 
C13C0*, C13C00 •) formed during metabolism of carbon tetrachloride in 
endoplasmafic reficulum with participation of cytochrome P-450 (Pogosyan et al., 
1984). 2,4-D caused lipid peroxidation as well as the increase in membrane 
fluidity at the 16 carbon atom of fatty acids and also hemolysis in human 
erythrocytes (Duchnowicz et al., 2002, 2003). Suwalsky et al. (1996) showed that 
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2,4-D disturbs phospholipid bilayer structure. It has also been suggested that 
peroxidation of synaptic endings modifies the Hpid content of synaptoplasmic 
membranes. This consequently leads to severe disturbances in the function of 
neurotransmitter uptake systems and depolarization-dependent calcium channels 
(Dabrowieckietal., 1985). 
The enhanced LPO may also be due to marked depletion of GSH content of 
brain, which acts as one of the guarding factors against oxidative stress. It is 
reported that GSH depletion may lead to an increased LPO, possibly due to the 
lowering of the cellular defense system against endogenous toxic intermediates 
(Younes and Siegers, 1981). The present evidence of neuronal defense against 
H2O2, which is the most toxic molecule to the brain, is mediated primarily by the 
glutathione system (Dringen, 2000). Therefore, it is reasonable to expect that the 
decrease of TSH, GSH may be a risk factor for enhancement of LPO, because of 
their protecting effect against free radical damage (Zaidi and Banu, 2004). 
Exogenous supplementation of antioxidants has been reported to exert 
protective effect in various pathological states in which free radicals are involved 
(Ozcan et al., 2004). In our study simultaneous treatment of C. sinensis reduced 
the oxidative stress markers associated with CAA and 2,4-D exposure in different 
parts of brain on albino rats. LPO decreased while TSH and GSH levels increased 
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significantly on treatment with C. sinensis. The significant reduction in LPO 
clearly demonstrates that C. sinensis protects the different parts of brain against 
CAA and 2,4-D induced oxidative damage. 
GTC scavenge a wide range of free radicals, including the most active 
hydroxyl radical, which may initiate LPO. Therefore, catechins may decrease the 
concentration of lipid free radicals and eliminate initiation and propagation of 
LPO. They can protect brain from LPO, deamination induced by oxidative stress. 
This is evidenced by the fact that C. sinensis extract may decrease LPO markers in 
the liver, serum and brain (Skrzydlewska et al., 2002). Due to the protective 
effects of the C. sinensis extract on the central nervous system (CNS) tissue 
expressions, the decreased level of LPO products has been reported (Rice-Evans et 
al., 1996). Preventive nature of C sinensis has also been reported against ethanol 
induced LPO in liver and brain (Ostrowska et al., 2004), oxidative stress in plasma 
and erythrocytes (Coimbra et al., 2006). It has been earlier reported that 
consumption of C sinensis within a balanced controlled diet improve the overall 
antioxidative status and protection against oxidative damage in humans (Erba et 
al., 2005). Our results are in favour of these available studies which are showing 
the antioxidative nature of C. sinensis against free radical generation and/or 
oxidative damage. 
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The LPO inhibition and TSH, GSH elevation property of these adaptogens 
were observed in our study. The findings of present investigation suggest that C. 
sinensis when given orally with CAA and 2,4-D simultaneously for the same 
duration in which TSH and GSH levels were elevated, brings about a significant 
decrease in LPO level. It suggests that C. sinensis protection may be mediated 
through modulation of cellular antioxidant levels. 
In our study, exposure of CAA and 2,4-D significantly decreased the levels 
of SOD and CAT in cerebrum, cerebellum and brain stem indicating depletion of 
antioxidant resources in albino rats to induce free radicals. Oxidative stress 
inhibited SOD activity in various regions of brain in rats (Shukla et al., 1987), 
which is consistent with the results observed in this study. A remarkable decease 
after treatment with these chemicals in SOD activity detection may be responsible 
for the formation of superoxide radical during chemical treatment. It has been 
reported that production of radicals in the brain is due to catecholamine 
metabolism such as dopamine and norepinephrine (Venarucci et al., 1999), and 
elevated catecholamine levels may undergo autooxidation, in which electrons are 
generated that in turn can produce ROS (Carpagano et al., 2003). Therefore to 
neutralize ROS, the body mainly uses enzymatic copper, zinc-superoxide 
dismutase (Cu, Zn-SOD), catalase (CAT) and selenium-dependent glutathione 
peroxidase (Se-GSH-Px) and non-enzymatic antioxidants, like reduced glutathione 
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(GSH). Antioxidant enzymes are considered as primary defense mechanisms tiiat 
protect biological macromolecules from oxidative damage. Our data indicated that 
CAA and 2,4-D induced a significant inhibition of SOD. The possible reason for 
this finding could be the decreased amount of this enzyme caused by enhanced 
LPO in this condition (Chaudiere and Ferrari-Iliou, 1999). After CAA and 2,4-D 
treatment, SOD activity is significantly decreased exacerbating neuronal cell 
damage. This endangerment consistently correlates with disruption of energy 
pathways and low energy availability. SOD is the first of the scavenger enzyme 
series to ameliorate the damage caused in the cells by free radicals (Slater, 1984). 
Formation of superoxide radicals after chemical stress has already been reported 
previously (Naqvi and Hasan, 1992). In the present investigation decrease in SOD 
activity detection may be responsible for the formation of superoxide radicals. 
CAT activity suggests that it attenuates the excessive formation of ROS. 
The inhibition rate of CAT is dependent upon the rate at which H2O2 is generated 
or added. H2O2 and free radical by product (hydroxyl radical) have been strongly 
implicated in neuronal degeneration induced by monoamine neuron toxins such as 
6-hydroxydopamine or 5,7 dihydrotryptamine (Allis and Cohen, 1977). The 
decline in CAT can be attributed to ineffective scavenging of H2O2 resulting in 
increased H2O2 levels, which can react with O2 to give OH radical and thus 
increased LPO. The reduction in CAT activity is either due to its increased 
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degradation or decreased synthesis, and may also be due to the simultaneous 
increase in peroxidase activity. Also it might be attributed to the decreased ability 
of CAT to detoxify peroxides with CAA and 2,4-D, and inactivation of CAT by 
free radicals. SOD and CAT both are scavenger enzymes that are reported to work 
together to eliminate toxic free radicals (Fridovich, 1981). 
Experimental studies have shown that phenolic compounds, particularly 
flavonoids and catechins are important antioxidants and superoxide scavengers. 
Their scavenging efficiency depends on the concentration of phenol, the number 
and location of the hydroxyl groups (Benavente-Garcia et al., 2002). Earlier 
workers have reported the antioxidant properties of flavonoids from different 
sources. A relation between the antioxidant property and radiation protection by 
flavonoids has been reported (Shimoi et al., 1996). 
To reduce or suppress the chemical effects, aqueous C. sinensis leaves 
extract was used simultaneously with CAA and 2,4-D and alone. The most 
effective polyphenol (catechin) of C. sinensis is epigallocatechin gallate (EGCG) 
in the inhibition of free radical induced injury. It has been proved to penetrate into 
the cerebral parenchyma through the blood brain barrier in an animal experiment 
(Suganuma et al., 1998) and therefore due to the presence of this polyphenol, C. 
sinensis can be possibly developed as an effective neuroprotective antioxidant. 
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Catechins contain free radical scavenging properties and act as biological 
antioxidants. It has been demonstrated that they can scavenge both superoxide and 
hydroxyl radicals (Guo et al, 1996; Nanjo et al., 1999), and 1,1 diphenyl-3-
picrylhydrazyl radical (Zhao et al., 2001), carbon centre free radicals, singlet 
oxygen and lipid free radical (Zhao et al., 2001). In addition, after the oxidation of 
catechins, due to their reaction with free radicals, a dimerised product is formed, 
which has been shown to have increased superoxide scavenging and iron chelating 
potential (Yoshino et al., 1999). So, C. sinensis protect antioxidant enzymes 
(SOD, CAT) from CAA and 2,4-D induced alterations in CNS of male rats. 
Declined SOD activity in different parts of brain of treated rats was brought back 
to nearby a normal level with simultaneous administration of C. sinensis with 
CAA and 2,4-D. Significant elevation of SOD and CAT activities with C. sinensis 
are also supported by earlier researchers (Young et al., 2002; Erba et al., 2005; 
Skrzydlewska et al., 2005). 
The chemical exposures may cause serious health hazards in human and 
animal populations, it is somewhat surprising that animal testing to examine the 
neurotoxic effects has not been initiated on a wider scale. In response to this lack 
of information, there has been an increase in regulatory activity aimed at 
developing strategies for testing of neurotoxicity at animal level, which includes 
behavioral end points (US EPA, 1991; Winneke, 1992; OECD, 1992; OECD, 
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1994). Neurobehavioral parameters were evaluated with two sub-lethal doses of 
CAA and 2,4-D induced anxiety, locomotor, exploratory and motor coordination 
behavioral test, like elevated plus maze (EPM), open field test (OFT) and rota rod 
test (RRT). 
Chemicals can influence the neurobehavioral profile of the organism and 
complex, interactive mechanisms have been proposed for these effects. Many 
studies have indicated the changes in behavioral and biochemical characteristics in 
depressed patients. In the present study, we found that exposure of CAA (0.24, 
0.80mg/100gm) and 2,4-D (19.98, 33.30mg/100gm) for one and seven days 
consecutively on rats appeared to have behavioral deficit including suppressed 
EPM activity, OFT activity, and interfering the motor coordination by RRT to stay 
on revolving rod. The toxic effects on motor function were shown essentially by 
the loss of rotarod performance which might be due to muscular weakness 
(Duffard and Duffard, 1996). There are several mechanisms by which a toxicant 
can affect performance in a behavioral situation, e,g., by altering the processing 
and integration of sensory input, etc. 
These chemicals induced alterations which were recovered with the 
treatment of aqueous leaves extract (ALE) of C. sinensis when used with CAA and 
2,4-D simultaneously (50 mg/kg/day for 1 and 7 days, daily). 
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Both EPM and OFT have been used very effectively to assess 
neurobehavioral profile of animals under the influence of anxiogenic/anxiolytic 
agents (Oliveria and Palermo-Neto, 1993; Carobrez and Bertoglio, 2005). In the 
EPM, increased aversion of open arms are indicative of enhanced anxiety state and 
our results indicated that CAA and 2,4-D caused reduction in the number of 
entries (%) and time spent in open arms (%) in EPM activity. Similarly in the 
OFT, exposure to CAA and 2,4-D induced behavioral alterations as evidenced by 
decrease in ambulation, preening and rearing, which can satisfactorily be 
explained due to increased anxiety of fear (Weyers, 1994) and that these 
differences may depend upon differences within the mesolimbic dopamine system 
(Stohr et al., 1998). These chemicals affected the motor coordination in RRT 
which decreased the staying ability due to muscular weakness on rotating rod in 
comparison to control rats. Our results are in agreement with earlier investigations 
(Oliveria and Palermo-Neto, 1993; Novack and Zwolshen, 1983; Cartmell et al., 
1991; Weyers, 1994; Rozas and Labandeira-Gracia, 1997; Stohr et al., 1998). 
These chemicals induced alterations which were recovered with the treatment of 
ALE of C. sinensis when used with CAA and 2,4-D simultaneously after 1 and 7 
days. 
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CONCLUSION 
Widely used herbicides and chemical intermediates, chloroacetic acid (CAA) and 
2,4-Dichloroacetic acid (2,4-D) have been evaluated in terms of the extent of 
genetic damage, neurobiochemical change and neurobehavioral effect. Some 
cytogenetic, biochemical and behavioral parameters were used to monitor their 
effects and the following conclusions can be stated on bases of these data: 
(1) Genetic damage was observed by both chemicals in the form of chromosomal 
aberrations such as breaks, gaps, exchanges, ring, translocations and multiple 
aberrations, Micronucleus tests on bone marrow cells and Sperm abnormality 
in epididymis of rat (albino), Rattus norvegicus. 
To determine LD50 values, two sub-lethal concentrations of each chemical were 
administered for 2 different time intervals. The results lead to following 
inferences: 
a) Both of the chemicals induced chromatid as well as chromosome aberrations. 
b) Chromatid type aberrations were more abundant. Thus chromatid type gaps 
were frequently observed in concentrations of CAA and 2,4-D. 
c) Clastogenic potential was demonstrated by the maximum frequency of 
chromosomal aberrations with the values of 6.22±0.7; 8.00±0.9 and 
12.76±0.9 mean (%) of total aberrations, respectively. The maximum impact 
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of chemical CAA and 2,4-D on rat bone marrow was observed at 7' day of 
treatment. The values were statistically significant in comparison with those 
obtained for other duration. 
(2) Micronucleus (MN) assay supported the observed dose- and time-dependence 
of chromosomal aberrations, as mentioned above for CAA and 2,4-D. MN 
value was 5.68±0.6 mean/1000 PCEs for CAA as compared to 8.24±0.9 
mean/1000 PCEs for 2,4-D, indicating higher mutagenicity of 2,4-D. So far 
as micronucleated polychromatic erythrocytes (MNPCEs) are concerned, 
dose- and time-dependent effects of CAA and 2,4-D were parallel to those 
observed in MN data. 
(3) A variety of abnormal sperm morphology shows the incidence of abnormal 
sperms to be elevated by both chemicals. Increased frequency of total sperm 
abnormality due to chemicals treatment in R. norvegicus may be associated 
with loss of fertility capacity. The male germ cell line is an important 
population which may be easily and inexpansibly monitored for deleterious 
effects. 
(4) The impact of CAA and 2,4-D provoked generation of free radicals, increase 
in the lipid peroxidation process, depletion of SOD, CAT, TSH and GSH 
concentration and also modulated the activity of antioxidant system. 
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(5) Both of these chemicals induced anxiety, locomotor, exploratory and motor 
coordination inequity on EPM, OFT and RRT in R. norvegicus, may be 
mediated by the central monoaminergic neurotransmitter system (5-HT and 
dopamine). 
(6) According to the above observations CAA and 2,4-D are mild mutagens, and 
if susceptibility of R. norvegicus to them is taken into account, possible 
exposure of other mammals including humans to these compounds should be 
minimized. Data also indicates that 2,4-D is more effective than CAA on 
bone marrow cells, epididymis, different brain parts and behavior. 
(7) Upon in vivo treatment with either of the compounds after 1^ ' and ?"' day 
consecutively, a significant decrease in clastogenic, oxidative, antioxidant 
defense system damage and improvement in behaviors were recorded when 
Camellia sinensis (Green tea) was administered with CAA and 2,4-D 
simultaneously. No significant increase could be observed when C. sinensis 
was induced alone. It suggests that green tea is a good antimutagenic, 
antineurotoxic and anxiolytic agent. 
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Abstract 
Chloroacetic acid (CAA) and chlorobenzene (CB) have been evaluated for in vivo mutagenic potential in Rattus norvegicus, employing 
the following criteria : (i) chromosomal aberrations (CAs) such as breaks, gaps, exchanges, rings, and multiple aberrations and (ii) 
micronuclei (MN) induction. Three sublethal doses, 0.008, 0.01, and 0.012mg/g b. wt. of CAA and 0.75, 1.0, and 1.25mg/g b. wt. of rat 
of CB were administered and the bone marrow cells evaluated in each of the three treated groups at 12, 24, and 48 h, respectively. Mean 
MN frequencies of 4.40 + 0.2 and 5.42 + 0.3, obtained respectively for CAA and CB. The higher induction of MN by CAA and CB was 
dose- and time-dependent. Most significant impact (P<0.05) for either of the compounds was observed at 24 h post administration, when 
the recorded mean frequency of CAs was maximum for CAA (4.33+0.6) as well as for CB (4.66 + 0.5). 
fj 2006 Elsevier Inc. All rights reserved. 
Keywords: Micronuclei induction; Cliromosomal aberrations; Chloroacetic acid; Chlorobenzene; Rattus twrvegicii.s; Mutagenic potential 
I. Introduction 
Several studies were conducted on mammals to demon-
strate the mutagenic effects of chemical compounds by 
including the chromosomal abnormalities as the parameter 
of mutagenic potential (Moore et al., 1996; Sharma et al., 
2000; Swada et al., 1987). These reports indicate that some 
routinely used chemical compounds may be mutagenic to 
human population suggesting the ever increasing risks of 
human exposure to hazardous chemicals (Colacci et al., 
1991; Quick et al., 1983; Saghir et al., 2001; Sharma et al., 
2000; Swada et al., 1987). Studies conducted on farmers 
and industrial workers have indicated that the exposure to 
such hazardous compounds causes both somatic and 
hereditary mutations (Antonelli et al., 2003; Farah et al., 
2003; Major et al., 1993; Schmid et al., 1982). Work on in 
vivo mutagenic potential of chemical compounds on 
mammals, by including the chromosomal aberrations 
(CAs) in particular, is still scarce. In this report, we have 
evaluated the in vivo mutagenic potential of chloroacetic 
acid (CAA) and chlorobenzene (CB) in adult male Rattus 
*Corrcsponding author. Fax; +915712701239. 
E-mail address: riazzool(o;rcdiffmail.com (R. Ahmad). 
0147-6513/$-scc front matter ,(, 2006 Elsevier Inc. All rights reserved. 
doi:10.1016/i.ecocnv.2006.03.002 
norvegicus by employing (i) CAs such as breaks, gaps, 
exchanges, rings, translocations, and multiple aberrations 
and (ii) micronuclei (MN) induction following the intra 
peritoneal administration of the sublethal doses of CAA 
and CB. So far as we know, the two compounds have not 
been studied in a mammalian system simultaneously. 
CAA is a halogenated aliphatic carboxylic acid that is 
widely used as herbicide and preservative for curing hay. It 
is one of the most commonly detected disinfectant 
byproducts in the drinking water supply of the United 
States (Christman et al., 1983; Plewa et al., 2002). 
Considerable information is available on CAA describing 
its mutagenic effects in humans and other mammals where 
it is reported to penetrate skin and cause serious tissue as 
well as cytological damages (Kulling et al., 1992; Kusch 
et al., 1990; Quick et al., 1983). Its kinetics after 
intravenous injections at subtoxic and toxic doses have 
been worked out in adult-male rats by Saghir et al. (2001). 
The other chemical of this study is a chlorinated benzene 
compound, CB. It is used in the synthesis of organo-
chlorine pesticides such as DDT, phenol, and picric acid 
and as a chemical intermediate in the synthesis of 
nitrochlorobenzenes and in the manufacture of dyes and 
perfumes (U.S. EPA, 2003; Vaghef and Hellman, 1995). 
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ADJUSTMENTS OF SERUM LACTATE DEHYDROGENASE ISOENZYMES AND THEIR 
SIGNIFICANCE IN MONITORING THE TREATMENT IN PATIENTS WITH TUBERCULAR 
PYOTHORAX 
Riaz Ahmad, MumtazAlam*, M Faisal Siddiqui and Absar-ul Hasnain 
Section of Genetics, Department of Zoology, Faculty of Life Sciences, AMU, Allgarfi-02 (UP) INDIA 
"Department of Surgery, Jawafiarlal Nehru f\/ledlcal College and Hospital, AMU, Aligarh-02 (UP) INDIA 
ABSTRACT 
The adjustments and diagnostic significance of polyacrylamide gel electrophoretic (PAGE) profiles of lactate 
dehydrogenase isoenzymes (LDH: 1.1.1.27) was evaluated in the sera and pleural fluid of patients with tubercular 
pyothorax. Sera and pleural fluid samples were randomly collected from 72 and 18 patients respectively at 
two different timings; first, when patients were admitted to the Hospital and second, after an intensive phase 
of treatment. Sera of 20 healthy individuals served as control. Our results demonstrate significant differences 
in sera LDH (sLDH) and pleural fluid LDH (pfLDH) isoenzymes. In patients the order of LDH isoenzyme in sera 
and pleural fluid followed: LDH-5>-4>-2>-3>-1 and LDH-5>-4>-3>-2>-1 respectively. The ranking of activity 
levels in control was LDH-2>-1>-3>-5>-4. In the second phase of sampling from 31 patients, values ofsLDH 
isoenzymes showed recovery and resembled profiles of controls. Therefore, the sLDH zymograms of patients 
can be used as the prognostic marker, since they tend to reach the normal level during recovery signifying the 
effect of chemotherapy in hospitalized patients. Moreover, according to the present findings on LDH-PAGE 
profiles, the levels ofLDH-5 and -4 hse in pyothorax patients significantly (P<0.05). This elevation along with 
the rise in total LDH activity may, therefore, be used in the diagnosis and monitoring of tubercular pyothorax. 
KEY WORDS 
Lactate dehydrogenase, Sera LDH profiles, Polyacrylamide gel electrophoresis patterns, Pleural effusion, 
Tubercular pyothorax. 
INTRODUCTION 
Pyothorax is one of the common pleural diseases in which 
collected pus in pleural space limits lung expansion. As a result, 
toxins released into the blood stream causes further stress 
finally ending in empyema. The pathological description of 
empyema includes the combination of a thick cortex of fibrin 
and coagulum over the lung. Etiology of pleural effusions is 
quite varied (1-3). Pleural effusions are classified as either 
transudates or exudates based on fluid protein and lactate 
dehydrogenase (LDH) concentration. Transudative effusion 
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occurs as the result of a change in fluid balance in the pleural 
space. An effusion is considered exudative if it meets any one 
of the criteria described elsewhere (4). Lymphomas are an 
important cause of malignant effusion and account for 10% to 
14% of all malignant pleural effusions. Pyothorax-associated 
lymphoma (PAL), a non-Hodgkin's lymphoma is a clinical 
complication consequent to a long-standing history of 
pyothorax develops in the pleural cavity (5). A few studies 
have been carried out where the correlation of interleukin-6 
(IL-6) or interleukin-1 beta (IL-1 beta) concentrations in the 
pleural fluid of pyothorax patients with its pathophysiology has 
been demonstrated. Some workers have compared common 
biochemical parameters such as cholesterol, total protein and 
albumin (6-7). 
Clinically, a number of enzymes (or isoenzymes) have for long 
been recognized for their value as biochemical markers 
(6,8,11,14-15,20). One such enzyme is Lactate 
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A B S T R A C T 
We have investigated the cytotoxic and biochemical effects of injecting aqueous phytoextract 
of Crofon bonplandianum (Baill) leaves in male rats. Subchronic dosages of 3.25, 4.65 and 
6.97 mgphytoextractg-' b.wt.week"' were administered to lats. To test ameliorative effects, lats were 
injected with phytoextract mixed with 0.2 mgg"' b. wt. of cyclophosphamide. Positive controls leceived 
only cyclophosphamide, while negative control groups were kept on normal diet and watei'. Our results 
demonstrate that phytoextract did not induce micronuclei foimation in rats and shows insignificant ame-
lioration (P< 0.05). However, differences in serum LDH isoenzymes, ALP, SCOT, SGPTactivities and bilirubin 
were remarkable and displayed dose as well as duration dependent variations. The most outstanding 
observation of this study was the release of cardiac Tnl in sera of rats injected with 5.97 mgg"' b.wt. of 
phytoextract for 21 days. Our findings suggest that at the highest concentrations used here phytoextract 
of C. bonplandianum is not clastogenic; instead it is cardio- and hepatotoxic. 
© 2008 Elsevier B.V. All lights reserved. 
1. Introduction 
According to an estimate, 80% of the world population in devel-
oping countries relies on traditional plant medicine (Salatino et al., 
2007). Analyses of these plant extracts or their active ingredients 
by modern laboratory techniques have generated renewed interest 
in their medicinal importance. Our study deals with the cytotoxic 
and biochemical effects of a medicinal plant Crofon bonplandianum 
Baill on rats, Rattus norvegicus. This Croton species was introduced 
to India during the late 1890s from Paraguay. Within 50 years, 
its distribution became countrywide. For decades, chemicals and 
products derived from Croton species and their phyto-derivatives 
have been used to cure human ailments and several published 
reports reaffirm their medicinal value (Carvalho et al, 1996; Brito et 
al., 1998: Campos et al., 2002; Guerrero et al., 2002). A few of these 
reports had specific focus on genetic or mutagenic/dastogenic 
effects on vertebrate systems that included micronuclei counts also 
(Agner et al., 1999,2001; Santos et al., 2006b). However, the above 
cited published evidence mostly dealt with Croton species other 
than C. bonplandianum (family Euphorbiaceae). C. bonplandianum 
is also a plant of considerable medicinal and agricultural impor-
tance (Datta and Sinha-Roy, 1975; Jain, 1991; Asolkar et al., 1992; 
Kumar et al., 1997). Its latex and leaf extract (phytoextract) have 
previously been reported to help in healing cuts or open wounds 
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and external treatment for ringworm infection (Jain, 1991). N-Me 
crotsparine, a chemical constituent of C. bonplandianum leaves had 
significant hypotensive effect on cats (Asolkar et al., 1992). 
Although the induction of micronuclei by crotus leaves has pre-
viously been reported (Santos et al., 2006b), there exists no report 
on the changes in lactate dehydrogenase isoenzymes. Literature 
on quantitative variations in total LDH activity (TLDH) as diag-
nostic markers of various human diseases is, however, extensive 
(Hammond et al., 1975; Rotenberg et al., 1988; jaffe et al., 1996). By 
electrophoresis, lactate dehydrogenase (NADH <^  NAD oxidoreduc-
tase) typically resolves into five isoenzyme bands. Homotetramer 
isoenzyme LDH-5 predominates muscle while LDH-1, the heart. 
Random tetramerization of the two constituent subunits results 
in the formation of three heterotetramers LDH-2, LDH-3 and LDH-
4. We have recently demonstrated that adjustments in the levels 
of various LDH tetramers may be a sensitive marker of some clini-
cal conditions (Ahmad et al., 2008). Despite medicinal importance, 
effect of Croton phytoextracts on cardiovascular system was seldom 
investigated (Guerrero et al., 2002, 2004; Silva et al„ 2005). Using 
cTnl immuno-cross reactivity, we obtained conclusive evidence of 
the cardiac damage by C. bonplandianum leaves extract. 
The present investigations were planned keeping in mind the 
paucity of therapeutic information on C. bonplandianum (Baill) 
reviewed above. The effects of injecting subchronic doses of C. 
bonplandianum leaves extracts (phytoextract) were monitored in 
R. nonegicus. We preferred aqueous extracts, because in Indian 
subcontinent traditional medication is based on administration in 
this form, while intraperitoneal route was envisaged to produce 
